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Soap Bubbles and Films’ 


Studies of the Black and Colored Spots in the Film Reveal its Structure 


Eprrortian Nor We recently published in these 
pages a transiation of the important article by the 
eminent French chemist, M. Jean Perrin, concerning 
Fluorescene,’ In which he propounded a brilliant and 
novel theory with regard to this phenomenon. His 
studies in this line aroused his interest in the subject 
of the stratification of liquid 


which he studied by means of soap solutions. A por 


membranes or films, 

tion of this article is too mathematical for reproduc 

tion here, but we publish a résumé of this with direct 

quotation of that which is of most general Interest. 
« > * 


1. It Is a well-known fact that the rupture of bub- 
bles or films of soap is preceded by the appearance of 
round dark spots whose contour is so definite that they 
look like holes made by a punch; in reality they re 
flect the light but to a very slight extent, which proves 
that their thickness is very small In relation to the 
wave length of visible light Upon regarding them 
with attention one ts often able to observe within 
their circumference the formation and growth of other 
round spots which are still darker, and therefore 
thinner, in which, however, the image of a shining 
object such as the sun, remains perceptible 

These are the “black spots” of the first and the 
second degree to which Newton first directed attention 
These spots may be preserved for several hours or 
even for several days if sheltered from air currents 
Reinold and Ruecker first, and then 
Johonnott succeeded in measuring the thicknesses of 
They found this to be 6 milll- 
microns in the ease of the darker one and about double 
that for the other 


and evaporation, 
the two black spots 
Johonnott finally succeeded in 
distinguishing as many as five black spots, the change 
of one into the other being due as in the case of the 
ordinary spots to the increasing degree of attenuntion: 
the first three are completely evanescent and rarely 
the fourth and 
the fifth are those which are commonly called the first 
Not infrequently all five 
spots appear in the fleld at the same time 


extend beyond two or three millimeters: 
and the second black spots. 


M. Perrin also succeeded in repeating these results 
upon horizontal films by means of “auto-collimation.” 
The rays from an are light reflected by a small total 
reflection prism traverse the lens of the microscope, are 
reflected by the film under observation and traverse 
first a new lens and then the eye-piece of the microscope 
in such a manner as to present to the eye a distinct im- 
age of the film. 
the liquid membrane is burst the fleld instantly be- 
comes dark, 


No direct ray enters the eye, and if 


The liquid membrane or film is formed by a soap 
solution spread over the aperture of a convex iris dia 
phragm, having the convex side turned upwards in 
such a manner that there is a very slight flow he 
tween the leaves of the diaphragm, thus causing the 
The di- 
ameter of the liquid membrane observed may be varied 


gradual attenuation of the liquid membrane 
at will from one to two millimeters. The magnifying 
ewer of the microscope is about ninety. 

_M. Perrin observed also the spots deserihed by 
Johonnott forming a series of decreasing thicknesses 
The thinnest spots, called by this observer those of 
the first degree, are the most stable. It is possible to 
blow upon them quite vigorously without tearing them. 

M. Perrin’s deseription of the spots mentioned above 
is as follows: 


The Five Black Spots 


the diaphragm mentioned above, which was from a 


In my first experiments with 
Zeiss condenser, T used a 214 per cent. water solution 
of ordinary soap and immediately observed the five 
black spots. At the time I was entirely ignorant of 
the previous discovery by Johonnott. His description 
of them is so brief, however, that the following de 
tails may be of interest 

As the membrane gradually becomes more attenu 
ated the well-known colors which characterize soap 
bubbles first appear, then the white of the first order: 
this gradually grows fainter and assumes a smoke-blue 
tint In the thinnest parts of the membrane. In this 
attenuated area or plage as it may be termed whose 
brilliance and whose thickness are not uniform, we 
suddenly observe a clearly marked circle of uniform 
brilliance and a bluish white tint makes its appear- 
ance and gradually increase in size; this Is the spot 


*''The Stratification of Liquid Membranes,"’ translated for 
Screntiric AMBRICAN SUPPLEMENT 
AMERICAN SurPLemMeNntT, Mar. 15, 1919, p. 
162, and Mar. 22, p. 187 


‘See ScmenTIru 


By Prof. J. Perrin 


of the fifth degree. Within this spot. there appears 


in its turn a circular plage which is less luminous 
but quite uniform and well defined; this is the spot of 
the fourth degree. 

Within this darker circles now appear at various 
points; these are spots of the third degree. As they 
increase in size these circles extrude shining droplets 
upon their edges. These droplets appear to be pro 
duced by the liquid liberated by the sudden attenuation 
which has caused the membrane to pass from the 
fourth degree to the third degree of thickness. Within 
the plage or plages of the third degree, the spots of 
the second degree soon appear as distinctly dark cir- 
cles, which increase in size much more rapidly than 
did the circle of the third degree. 
largement these new circles likewise become bordered 
with brilliant Finally, within the black 
spot of the second degree appears the blackest spot of 


During their en- 
droplets. 


all appears in circles whose size increases with extreme 
rapidity and which invade the entire field in about one- 
tenth of a second. These circles are bordered by small 
flat disks which are larger than the droplets in the 
preceding circles but are probably of similar origin. 

In this succession of black spots which are increas- 
ingly tenuous, it sometimes happens that one or two 
stages are skipped. For example, upon a membrane 
in which the five spots have appeared successively 
and are present simultaneously so that each spot can 
be identified and classed, without hesitation, by its 
degree of brilliance, it often happens that circles of the 
first or second degree develop directly in a plage of 
the fourth degree. In particular when we suddenly 
enlarge the iris diaphragm aperture which bears the 
membrane (an action which generally causes its rup 
ture) we see black spots of the first degree sprinkled 
over nearly all the plage like the little round holes of 
a colander. 

The black spots of the first degree are by far the 
most stable; not only can they be sharply blown upon 
without breaking but it is often possible to float upon 
their surface, in the form of completely free “islets” 
piles of flat membranes of the other degrees 2, 3, 4 
and 5; to make the matter clearer we may compare 
these to piles of thin flat disks of equal thicknesses 
and of consecutively decreasing diameters placed one 
upon the other without being exactly concentric. 

Brownian Movement on the Black Spots.—We often 
see the appearance upon the black spots a few mo- 
ments after their formation—especially upon the thin- 
of a cloud of luminous points animated by 
a Brownian movement so intense that it is manifest 
even when magnified only fifty diameters. These lu- 
minous points are liquid droplets for they melt to- 


nest ones 


gether when they meet each other so as ‘o form pro- 
gressively spherules of a few microns in diameter. 
These droplets probably consist of water since the phe- 
nomenon is much exaggerated if we blow upon the 
black spots just as a moisture is deposited when we 
blow upon a cold object. We are forced to the con- 
clusion that the water condensed upon the membrane 
instead of causing an unstable thickness in the latter 
becomes assembled in droplets which are first ultra- 
microscopic in size and then microscopic. The largest 
of these bear the same proportion to the black mem 
brane, which however supports them very easily, as 
an orange does to a sheet of paper. It is my supposi 
tion that the black membrane contains the center of 
these spherules and forms for each of them a diame 
tral plane? 

The extreme vivacity of the Brownian movement of 
these spherules proves that we have to do here with a 
Brownian movement in the air without any apprecia- 
ble friction parallel to the plane of the membrane, but 
without possible displacement in the direction perpen- 
dicular to this membrane. It is a Brownian movement 
of two dimensions. Thus the fluidity of the membrane, 
in its plane is clearly demonstrated. It may be con- 
ceived, in short, that parallel to this plane the Brown- 
lan movement would be much more lively than in a 
liquid, since over the greatest part of its surface the 
spherule suffers no friction except with the air. 
Finally, these spherules which are so mobile in the 
plane of the black membranes do not traverse the 
circular lines which separate the membranes of the 
different orders. We see none of them, for example, 


7It Is a well-known fact that a soap bubble which touches 
the surface of soap-water is at once transformed into an 
exact hemisphere centered upon this surface. The form of 
equilibrium can be no different in the present case. 


pass from a No. 2 black membrane into a No. 1 m 


brane, though the latter is contiguous. 
Strikingly 
beautiful and varied as are these various phenomena 


The Addition of Fluorcacent Substances. 


they were surpassed when I added divers fluorescent 
substances to the soap-water forming my membranes, 
which I did with the hope of perceiving fluctuaticis 
of concentration due to the existence of molecules. 
(See article on Fluorescence, Ann. de Phys., Sept.-Oct., 
1918 and this SuprpreMENT loc. cit.) 

In order to study fluorescence -itself I was obliged 
to abandon the observation by means of auto-collima 
tion, and illuminate the thin membrane obliquely in 
such a manner as to receive in the microscope neither 
direct rays nor reflected rays but merely the light of 
Under these rather mediocre con 
ditions of illumination the fluorescence was not very 
intense. I saw no fluctuations nor even any very 


the fluorescence. 


lively fluorescence and T was only able to make a few 
useful observations with respect to the optimum fiuo- 
rescence, as stated in my article on Fluorescence. 

But returning then to the method of observation I 
observed certain new and singular phenomena; these 
did not relate to fluorescence, for its brilliance is 
negligible as compared to that of reflected rays, but 
to the structure of the membrane containing the fluo 
rescent matter. 


STRATIFIED STRUCTURE OF LIQUID MEMBRANES. 


As soon as: we examine under the microscope a 
membrane of which 5 to 10% of 
uranine has been added we observe in the membrane 


soap-water to 


a great number of plages which may be compared to 
the black spots above described because of their uni 
form thickness and their well defined contour. The 
thinnest do not differ from the said black spots. But 


we discover in the field a great many others which 
cannot be called black because of their brilliance or 
of their color (the brilliance or the color being ex- 
plained by the greater thickness of these plages). In 
this manner we may observe the successive appearance 
of greys, whites, yellows, reds, and blues and then of 
colors of a higher order. Each plage has a perfectly 
uniform color quite distinct from that of the contigu 
In short 
the general aspect might be obtained by the superpo 
sition of excessively thin transparent leaflets cut out 
with a punch and having strictly parallel surfaces. 
But the development of the plages is no longer so 


ous plages. The contours are ares of circles. 


simple as in the case described above. For example,’ 
we do not generally observe plage No. 29 make its 
appearance in plage No. 30, then No. 28 in No. 29 and 
so forth. Instead of this the evolution is carried on 
at all points of the field at the same time: to begin 
with ewe see an ordinary thin accusant membrane 
whose color is generally white of a superior order, in 
When the 
attenuation occurs we see the appearance for an in 
stant of the continuously graded coloration of soap 
bubbles; then a shiver seems to run through the mem 
brane; some of the liquid collects at various points 
of the membrane in the form of globules which 
are ordinarily from 20 to 50 microns in diam 
eter; at the same time, by a sort of gentle but gen 
eral rearrangement, plages with flat tints (a teintes 
plates) make their appearance throughout the mem 


dicating a thickness of several microns. 


brane. A cinematographic view of the phenomenon 
would be valuable. The richness of the colorations is 
very great (la richesse des colorations est extreme). 
As soon as the stratification is organized a_ slow 
evolution occurs which gives more or less importance 
according to circumstance to such a series of plages 
To obtain a thorough knowledge of the various aspects 
of the phenomenon the prolonged observation of a larg: 
number of membranes is required. - 
Finally, the Brownian movement in tio dimension» 
is found in various plages, the thicker these are th: 
rarer and the less active being this movement. 
have observed it even in a violet plage having a thick 
ness of about one-fifth of a micron. These same phe 
nomena can be observed when small percentages © 
eosin or of esculin are added to the soap solution.‘ 
Influence of Absorbed Light—Having observe! 
that intense illumination favored the development 0! 
the membrane, I sought to obtain illuminated and non 


' 


‘However, this sometimes happens: I have seen yellow 
circles form wpon an orange plage and grow in size very 
rapidly, exactly as does a No. 2 black spot that develops in 
the No. 3 black spot. 





7s 


, 1919 


mm 


kingly 
omeina 
escent 
Tranes, 
ations 
PCU les, 
t.-Ort., 


bliged 
Mima- 
ely in 
either 
tht of 
> con 
r very 
very 
a few 
1 fluo- 


tion I 
these 
ice Is 
s, but 


» flue 


pe a 
of 
brane 
ed to 
> uni 
The 
Sut 
vhich 
te or 
F PX- 
In 
rance 
on of 
ectly 
itigu 
short 
erly 
out 
s. 
ir so 
ipl 5 
» its 
and 
it on 
yegzin 
rane 
, in 
the 
1 in 
soup 
neTH 
ints 
hich 
iam 
gen 
nites 
er! 
neon 
s is 
ne). 
slow 
ince 
ges 
ects 


ire 








SS eeeese—————————————eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


Ju » 26, 1919 


SCIENTIFIC AMERICAN SUPPLEMENT Na 2273 51 





il inated parts of the membrane at the same time. 
It quite easy to illuminate only half of the latter 


s» = to obtain an obscure semi-circle adjacent to an 
il inated semi-circle. Under these conditions, and 
Ww the plages having discontinuous flat tints are 
fi din the illuminated semi-circle, if we suddenly 
ill inate the obscure semi-circle we perceive that 


th. latter has remained in the original condition of 
th oon-stratified membrane, The contrast of the two 
he es of the field, which can be readily photographed, 
is ery striking. Naturally, after a short lapse of time 
th stratification invades the area previously pro- 
te od by obscurity. If afterwards the illumination 
cesses the stratification persists, showing that the 
ligit which excited or accelerated it is not necessary 
for its preservation. The light which is thus active 
is solely that which is absorbed by the coloring sub- 
stance contained in the film, as can be easily proved 
by placing in the path of the rays a vessel contain- 
ing a solution o fthe same substance, so as to arrest 
among these rays those which would have been ab- 
sorbed by the film and those alone. These experiments 
succeeded with uranin, eosin, fluorescent blue and es- 
culiun® In the case of eosin, for example, a shallow 
dish containing a dilute solution of eosin protected 
and eosin film from stratification, but did not protect a 
uranin film. Thus we see that the light absorbed by 
the membrane accelerates or excites its stratification. 

Influence of Temperature.—An increase in tempera- 
ture may favor stratification. For example, it occurs 
spontaneously at 50° C. in uranin soap solution which 
is non-illuminated. At the same time the fluidity of 
the liquid which forms the plages is much augmented 
and we sometimes observe this liquid run rapidly along 
the membrane without ceasing to be stratified. A 
qualitative examination of the fluidity shows that any 
rise in temperature cannot be very great. I remain 
convinced of two distinct actions. 

Liquid Membranes Minus Soap.—The solutions thus 
far studied were all made with soap containing about 
1.5% of oleate of sodium. I obtained the same phe- 
nomena later with two acid resins gamboge, and colo- 
phony. In the course of my studies of emulsions’ I 
observed the following properties in these resins: 
having prepared an alcoholic solution with crude resin 
and precipitated this by water (which yields emulsions 
of microscopic spherules) if we then add little by 
little potash or soda the emulsion is clarified by the 
dissolving of the spherules, giving a transparent 
liquid which foams when shaken like soap suds.’ 
Such a solution containing 2.5% of potassium guttate 
gives beautiful soapless “soap bubbles” or very per- 
sistent plane membranes. Examining these under the 
microscope I have observed not merely five black 
plages with clearly defined borders, as in soap solution, 
but eight plages running from black to grey. 

Colophony Water.—Colophony water gives similar 
phenomena of even greater richness and variety, from 
8 to 5% being used. The colophony solution when 
shaken in a closed flask gives a cellular collection of 
persistent bubbles which the black spots invade in a 
few minutes leaving only the crests of the polyhedral 
cells visible. Under the microscope the colophony so- 
lution exhibits the same discontinuous stratification as 
the soap solution to which uranin or esculin has been 
added, but the stratification is but slightly, if at all, 
sensitive to light. It progre&ses further and by looking 


» through screens of appropriate colors I have been able 


to identify as yellows of the fifteenth order certain 
clearly defined plages indicating of the order of three 
microns. 

* * * 

By making use of monochromatic screens M. Perrin 
was able to make very exact measurements of the num- 
ber tnd thickness of the plages and concludes: 

In a stratified liquid membrane the thickness of each 
plage is a whole multiple of an elementary thickness 
which approximates five millimicrons. 

In other words the variation of thickness is constant, 
so that it may be said in a phrase which suggests or 
implies new hypotheses that the plages of stratified 
membranes are formed by the superposition of any 
number whatever of elementary “leaflets,” which are 
identical. .. . Thus we are led to believe that plage 
No. 40, for example, in the colophony solution is formed 
by the superposition of 40 identical leaflets, each about 

‘Mluorescent blue likewise causes stratification but alters 
rery rapidly in soap solution. 

In the case of esculin there is an acceleration by means 
the light, but even when the light is absent the plages 
eventually form. 

Ann. de Ch. et de Phys. Vol XVIII, 1909, p. 35. 

"The pulverized resin can be dissolved directly in the 
alkali but besides the fact that the purification by alcohol 
(which leaves an insoluble residue with the gamboge) is 
net acconyplished, the operation will be much slower, leaving 
at any rate (A moins de laisser) an unknown excess of alkali 
in the solution. In short, the conditions will be less well 
defined, 


five millimicrons thick. Six hundred of these leaflets 
would be required to form the yellow plage observed in 
the fifteenth order, 

Are Stratified Liquids Crystallized?—This enigmatic 
structure naturally reminds us of the periodic prop- 
erties of crystalline enamel and also of the planes of 
cleavage in crystals such as mica. The fact that the 
stratified membranes here examined are liquid does 
not create any absolute objection at the present time, 
since we have become familiar with the properties of 
liquid crystals. And it may readily be conceived that 
with the fluidity remaining parallel to the membrane, 
we shall find a periodic structure perpendicular to the 
said membrane. Supposing this periodic structure to 
be admitted many points remain to be cleared up, par- 
ticularly the high value of the thickness of the leaflet, 
for five millimicrons is much greater than the diam- 
eter of any known molecule. In particular we can 
readily d@termine by.the Devaux process values of 
approximately 10" cm. for the diameters of the mole- 
cules of colophony or gamboge, which agrees, moreover, 
with the possible dimensions indicated by their molec- 
ular weights. The diameter of the molecule of water is 
only one-third as great. We cannot believe, therefore, 
that the elementary leaflet has the thickness of a 
single molecule as in mica (René Marcelin) and the 
profound origin of a periodic distribution in which 
five microns is the element of the period, remains to 
be discovered. 

It is quite singular, furthermore, that this period 
should be the same in all the liquids which I studied. 
It seems reasonable that this unvariable thickness is 
due to the only element which is common to all these 
liquids, 1. e. to the water itself? 

The Surface Tension of “Soap-Waters.’—It is a 
well-known fact that soap-water is characterized 
among aqueous solutions by an abnormal lowering of 
the surface tension which passes from the value 75 
C.G.S. units for pure water to a value of approximately 
30 for a solution of soap even when the latter is quite 
dilute containing considerably less than 1 molecule- 
gram of oleate for 100 liters. This considerable varia- 
tion proves that even in dilute solutions the surface 
layer of the liquid has a composition which is very 
different from the liquid of the deeper layers. More- 
over, it is this variation which makes membranes of 
soap-water much more stable than those of pure 
water. Let us suppose, for example, that any cause 
whatever produces a local attenuation of the thin 
membrane. In the case of pure water this attenua- 
tion, far from stopping of its own accord, is exagger- 
ated by the influence of capillary tensions and the film 
will burst. In the case of soap solution the attenua- 
tion lays bare deeper strata. The latter which are 
practically composed of pure water and which con 
sequently have a much higher tension will draw upon 
the adjacent portions so as to automatically repair 
the lesion, so that the film will continue to exist. In 
accord with this view I found that the gamboge and 
colophony solutions, which may be regarded as “soap 
waters” in the physical sense of the term, as we have 
seen above, likewise have a slighter surface tension 
than pure water, the tension being of the same kind 
as that of genuine soap solution. 

Surficial Chemical Composition of Soap Solution. 
In order to explain this feeble surface tension I have 
supposed that the surficial layer of soap solution is 
composed of oleic acid, produced from the oleate of 
sodium by means of a hydrolysis which conformably 
to a rule of Gibbs is occasioned in such a manner as 
to lower the surface tension to the maximum amount. 
The deep layers will then contain an excess of soda. 
This hypothesis was fully confirmed by experiment. I 
found, to begin with the qualitative point of view, 
that over the whole surface of the soap solution and in 
particular upon the iridescent bubbles or mem- 
branes, particles of camphor which exhibit such agi- 
tation when placed upon water cease to be agitated 
and behave on the contrary as if they were upon a 
greased surface. But we know from the experiments 
of Lord Rayleigh and of Devaux that a layer of oil 
or of oleic acid spread upon water does not stop the 
movement of the camphor (and does not perceptibly 
lower the surface tension) when this layer has 
thickness of about 1 millimicron, which corresponds to 
the case of a mono-molecular layer of oil molecules 
floating upon the surface (like corks in juxtaposition). 
We also know that with a thickness of about two milli- 
microns (two layers of molecules), the movements of 
the camphor are arrested and that the surface tension 
has attained its maximum depression, so that a drop 
of oil deposited upon this surface no longer spreads.’ 


8] attempted to make “soap-water”’ without using either 
water or soap and succeeded with sodium guttate in glycer 
ine. But in the bubbles thus obtained (and these alone) I 
was able to observe only the first black spot. 


Presumably, therefore, the surface layer of the soap 
solution is composed of oleic acid with a thickness 
slightly less than two millimicrons.” 

Chemical Separations by Extension of Free Surfaces. 
—The suppositions formulated above proved easy to 
verify. If it be true that the surface is composed of 
oleic acid leaving a corresponding excess of soda in 
the interior, then we ought to be able, by sufficiently 
increasing this surface to separate any quantity what- 
ever of the oleate into oleic acid and soda. We could, 
for example, remove this top layer by placing a sheet 
of blotting paper upon the surface and if this were 
frequently repeated there would probably be a fresh 
excess of soda in the liquid each time. A far simpler 
method for removing new surfaces in succession is that 
often employed by children blowing bubbles. If we 
place a pipe in a bowl of soap suds and blow into it 
continuously the bubbles which rise successively in 
the liquid will form on the top of it a froth or suds 
composed of large polyhedral cells, which will soon 
run over the top of the vessel and fall outside. It 
was this method of separating or “fractionating” 
which I employed. A current of air issuing from a 
wash bottle is forced through a soap solution con- 
tained in a tumbler standing in a large dish. The walls 
of the tumbler and the dish must be absolutely clean. 
The froth formed at the top naturally falls into the 
outside dish where it soon resolves itself into a liquid 
(the first portion separated out). 

It is easy to discover such a proportion of soap” 
that when about half of the liquid has run over the 
top of the glass in the form of suds the arrival of 
fresh bubbles of air produces only bubbles which are 
so lacking in resistance that they burst as soon as 
formed, so that the suds ceases to be produced. The 
fractionating process has then come to an end. 

But while the liquid in the wash bottle is strictly 
neutral to the litmus test the liquid of the top portion 
in the outside dish is distinctly acid, while the liquid 
in the bottom portion remaining in the tumbler is 
distinctly alkaline. Furthermore, we need only im- 
merse two segments of the same capillary tube in the 
two liquid fractions in order to observe that the de- 
gree of ascension of the second portion is more than 
double (just as in the case of pure water) that of the 
top portion. 

These striking experiments were equally successful 
with colophony solution, the top portion being acid 
and of feeble surface tension, while the bottom portion 
was basic and of high surface tension. The experi- 
ments also succeeded even with the gamboge solution 
but with the special features connected with the color- 
ation ‘and the double acidity of the gamboge, the 
liquid of the top portion being distinctly yellow and 
becoming greatly intensified in color on the addition 
of alkali. 

A Bi-Molecular Layer of Oleic Acid Covers the Sur- 
face of Membranes Composed of Soap Solution.—The 
qualitative experiment described above can be car- 
ried out quantitatively and this work has been under- 
taken in my own laboratory by Mile. Delmon, profes- 
sor of chemistry at Buenos Aires. 

The volume of air issuing from the tube is carefully 
measured by counting the number of bubbles per min- 
ute and measuring by means of photography the diam 
eter of the bubbles at the moment of their formation 
In short we are thus able to obtain with sufficient 
precision the surface of the laminary structure which 
issues from the solution. The liquid of the top portion 
collected in the outside dish was evaporated to dryness 
in an oven. The residue was found to consist of a 
solid substance and an oily liquid which was distinct- 
ly acid. The amounts of oleic acid and of soda therein 
were determined. These determinations show the 
quantity of oleic acid covering the two surfaces of the 
soap-solution membranes and thus enable us to find 
the thickness of this covering . which is approxi- 
mately 1.9 millimicrons. The layer of oleic acid is bi- 
molecular. 

If we now return to the “black spots” and take 
into consideration the results just obtained, we per- 
ceive that in the case of each plage the solution is con- 
tained between two bi-molecular layers of oleic acid. 
In the case of the first black spots (especially of No. 1) 
the oleic acid (or the resin) form an important part 
of the membrane. Such plages may be regarded, 
therefore, as being abnormal so far as concerns the 
law of the variation of thickness with the order of 
the plage. 

‘Lord Rayleigh, Phil. Mag., 1899, p. 331.—Devaux, Rev. 
Gen. des Sc., Feb., 1913.—André Marcelin, Dipidme d'Etudes 
No. 156, Paris, July, 1913. 

“The average thickness, statistical, of the layer of oleic 
acid should be a little less, according to the value of th: 
surface tension, than the thickness of a double layer of 
molecules of oleic acid. 

“Of the five hundredth degree. The fresher the solution 
the feebler the proportion. 
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Experimental Wireless Telegraphy and Telephony—II’ 


Aerials, Loops, Underground and Submarine Antennae, Tree Antennae and Other Arrangements 


By Louis Gerard Pacent and Austin C. Lescarboura 


Every radio telegraph or telephone station must 


have an aerial of one type or other in order to carry 
aerial may consist of a huge 
lofty 
an insulated cable dropped in a river or ocean, 


on its work The system 


of wires supported on towers or poles, a small 
lowp, 
metallic or conducting structure 


a tree, or any other 


properly insulated from the ground. Indeed, the aerial 


or antenna is the mouth and the ear of any radio 
station and its design, size, and location go largely 
a : 
| | 
ae 


One of the simplest forms of aerials, known as 
the inverted L-type 


to determine the range and efficiency of the radio ap 


paratus used in connection with It. 


sefore erecting an aerial the site should be selected 


with some care. It is important to see that the aerial 


will not be near tall objects, becnuse most objects, 


especially those which offer a low resistance path to 


the earth, will not only absorb an appreciable amount 


of energy when signals are transmitted, but they also 


serve to shield the aerial from weak incoming signals 


rhe ground, as it is called rather erroneously, can 


be a direct ground connection through a water pipe, 


gas pipe, buried wires or cables; or again, it may be 


an elevited capacity consisting of a few wires erected 
from the ground but not connected with 
This 


of ground is called a counterpoise and is used in many 


about 10 feet 


the ground, and located under the aerial. type 


high power radio stations of the Telefunken or German 


type, and in practically every airplane and seaplane 


radio outfit. In the case of aircraft the counterpoise 
is arranged somewhat differently, however. The aerial 
usually consists of one or two trailing wires properly 
weighted so as to trail behind when the machine is in 
flight, or an arrangement of wires stretched across the 
wings, while the counterpoise consists of all the wires, 
framework and engines of the machine connected to 
xether. 
At any 


tant If efficiency 


rate, the ground connection is very impor 


is to be secured In full measure, and 


must therefore recelve careful consideration, 


ELECTROSTATICALLY EXPOSED ANTENNAE OR AERIALS. 


When one or more wires are elevated and insulated 
then 


ground or counterpoise, the aerial system thus created 


from surrounding objects and connected to A 


is said to be electrostatically exposed; and although It 


forms an ideal radiator of electromagnetic waves for 


transmitting purposes, It generally makes a poor re 


ceiving device because of the trouble arising from at- 
mospheric electricity discharges, which, like the radio 
waves, also operate a receiving set. These atmospheric 
charges can be plainly 


in the telephone 


electricity too plainly, some 


times—heard receivers worn by the 


= =—>—| 


— 5 


_ 
Ss 


. 
! he | 


on 


The V-antenna, which is used by some of the 
high power stations 


operator, interfering seriously with the 


reception of 
signals. It is this trouble which the radio man refers 
to as “static.” 

The electrostatically exposed antennae can be erected 
in various forms. As will be noted in the accompany 


ing illustrations, the leading forms are the T, inverted 


L, umbrella, and the V A receiving antenna needs to 

*The first article in this series appeared in the Scientirix 
AMERICAN SuprPLeMeENT, No. 2270, dated July 5, 1919 (Copy- 
right, Scientific American Publishing Company, 1919.) 


be large, In order to gather in enough energy from the 


electric waves to affect the receiving set Likewise a 
rge dimensions, in 


The 
used for both sending and re- 


sending antenna needs to have la 





order to send electric waves to a greater distance. 
same antenna is usually 
ceiving. An antenna used for receiving only may, 


however, be made simpler than one which is also 
required for sending purposes, 

The simplest form of antenna would be a plate, sup 
ported above the earth and insulated from it, except 
for the connection through the wire called the “lead-in 
wire” or “lead-in.” The plate and the earth form the 
two terminals of a condenser, the space between them 
furnishing the dielectric When an alternating EMF 
is introduced into the wire, charging currents flow into 
and out of the plate and the earth, the dielectric being 
strained then in the other. 


As has been learned in one’s study of electric princi 


first in one direction and 
ples, these strains are equivalent to displacement cur 
rents of electricity through the dielectric which serves 
to complete the circuit. A region in which the dielec- 


tric is alternating strains is the starting 


The larger the plate and 


undergoing 
point of the electric waves 
the higher it is ralsed from the earth, the greater the 


imount of space in which this strained condition ex- 
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Details of the rigging and insulation of the usual 
amateur aerial 


ists, and the more powerful the waves which are ra- 
diated. 

In practice, however, wires are used for an antenna 
instead of plates. A single vertical wire is, for its size, 
the best radiator, but it has to be made extremely long 
in order to get sufficient capacity for long 
Antennae of different 
horizontal or Inclined wires instead are, however, prac- 
well. It 


antenna Is 


wave or 
long distance work numbers of 
ticable and radiate very 
that an 


must be thoroughly 


understood merely a large con 


denser and may have various shapes consistent with 
this condition, although some forms will radiate elec- 


tric waves much better than others. 


SOME LEADING TYPES OF ANTENNAE IN GENERAL USF. 
The umbrella type of antenna consists of a number 
of wires which diverge from the top of a mast, and 
are attached to anchors in the ground through insu 
from the 
This aerial 
may be erected quickly, and for that reason it Is used 


brought down 


junction of the wires to the apparatus. 


lators. Lead-in wires are 


for radio pack sets, 

An antenna of horizontal parallel wires, supported 
between two masts and insulated therefrom, is common. 
This is the standard form for ship stations. Accord- 
ing as the lead-in wires are attached at the end of the 
their center, the 
said to be of the inverted L or of the T 


antenna is 
The V 


sets of 


horizontal wires or at 
type. 
antenna, on the other hand, consists of two 
horizontal or slightly inclined wires, supported by three 
masts, so that the horizontal portions form an angle. 

For short distance sending, simpler antennae may be 
used, such as, for example, a simple wire supported 
between two stakes at a height of only a few feet from 
the ground. insulated wire 
may be laid upon dry ground, the apparatus being in- 
serted at the forming what is known as a 


“ground For receiving stations equipped 


For emergencies, a long 


middle, 
antenna.” 


with amplifiers or other delicate receiving apparatus, 
very simple antennae may be employed, even for long 
distance work. 

All forms of unsymmetrical antennae, such as the 
T and directional in their 
characteristics, at least on land. The so-called ground 


inverted L are somewhat 
antennae give considerably better transmission along 


their length than at right angles. Closed coil aerists 


or loops have, however, shown themselves particularly 


= af >— 


, —_— 
na_->_ 
~ 


ou 8 - | 
a ee es - - ie 


Another simple form of aerial known as 
the T-type 


this kind of 
scribed further on. 


well adapted to work, as will be de 


GENERAL ANTENNA CONSTRUCTION. 

For land stations wooden masts have been much em 
ployed. 
tions which fit together like a fishing red. For high 


power stations, latticed metal masts are common, and 


For portable antennae these are made in sec 


in some cases, tubular metal masts in telescoping se 
tions. Except in special instances guy ropes or wires 
are necessary,.and in some cases the support is sus 
tained entirely by these. It has been quite generally 


regarded as a structural advantage to allow a small 
freedom of movement to the mast, so that it may rock 
slightly in the wind. A simple one-wire antenna may 
be held by any support that is available, and is very 
When a 
used to support either end, a rope should be run out 
for some from the and the 
tached insulator, so that the 
wire itself may not be in or near the tree. 
dard “ flat 
masts for supports. 


efficient for receiving purposes only. tree is 


distance tree, wire at- 


to this by an antenna 
The stan- 
top ship antenna makes use of the ship's 
The antenna wires are stretched 
between two booms or spreaders from which halyards 
run to the masts. This is a very good form of aerial 
for ainateur transmission and reception, especially on 
apartment house roofs or between a house and tall 
object, or between poles or masts. 

The insulation of an antenna is a matter requiring 


careful attention. The system depicted in the accom 


panying drawing is typical of a ship’s antenna. In the 
case of the antennze for large land stations, the guy 
ropes are interrupted by insulators. Porcelain, hard 


rubber, or electrose rods into which eyebolts are molded 
spherical 
insulator, so grooved as to carry the two wires firmly 


are common. A form of nearly porcelain 
without their coming in contact, is also shown in the 
sketch. In the event of this insulator breaking, the 
wires do not part. 
Where the lead-in 
through the walls of the house in 


from the antenna 
which the sending 


wires pass 





win 


~~ bee ——_ 


The umbrella type, which is used in connection 
with a tall mast 


and receiving aparatus is installed, special care mus 
be taken to ensure insulation. A form 
used for this purpose is shown in the group sketch 
In the case of some large aerials, the supporting mast 
itself has to be insulated from the ground at its base 
The design of an insulator which combines sufficient 
mechanical strength with good dielectric properties is 
a difficult matter. 

There is no description which applies to all aerials 
In fact, every installation calls for a somewhat differ- 
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en arrangement; so it is left to the amateur wireless 
n to study his site and surroundings and facilities, 


Py lesign and construct an aerial accordin#ly, from the 


dl ilready given. 


UNDERGROUND POWER OR TELEPHONE LINE 


: 





2 MICROFARAD TELEPHONE CONDENSER 
OF THE STANDARD TELEPHONE TYPE 


PRIMARY OF ‘\ 
RECEIVING 
TRANSFORMER 
OR LOOSE-COUPLER TO OTHER NECESSARY 
INSTRUMENTS 
———_> 
= GRouND 


Scheme for receiving wireless signals with tele- 
phone or power line as the antenna 


While there is nothing new in the use of trees as 
intennae, it is only of late, with the sensitive detectors 
ind amplifiers now available, that much has been done 
along this line. Any live tree can be used as an 
antenna for receiving purposes. A nail is driven into 
the trunk about two-thirds or three-quarters of the 
distance up to the top, and a lead-in wire attached. 
It is sometimes better to drive in several nails, so as 
tv ensure better contact with the moist sections of the 
tree, and to connect the lead-in wire with all of them. 
rhe position of the nail in the tree with relation to the 
height, serves to vary the natural wavelength of the 
tree antenna. So for experimental purposes one can 
drive nails at various heights and connect the lead-in 
wire to any one to obtain a desired natural wave- 
length. In connection with the tree antenna, one can 
use a counterpoise or capacity ground, consisting of a 
piece of chicken wire netting or short lengths of in- 
sulated wire spreading out radially from the base of 
the tree. Several trees can be connected to a common 


lead-in wire, if desired. 


TELEPHONE AND POWER LINES AS ANTENNAE. 

Not all radio amateurs are blessed with a complacent 
landlord, especially in these days of unprecedented 
shortage of housing facilities. Whereas a landlord in 
pre-war days might have given his permission more or 
less gladly for the erection of poles and an aerial on 
his apartment house roof, today the same landlord 
would most likely issue a curt and firm refusal. So 


it becomes a matter of getting round such obstacles by 


using other means. 

Telephone, telegraph, and electric power lines may 
be used for receiving purposes with good efficiency. 
For sending, however, they are not available. The 
accompanying sketch shows how such a wire can be 
tapped for receiving purposes. Then again, it is possi- 
ble to use the electric bell wiring or the intercommuni- 
cating telephone system in any building, in a similar 
manner, Still another method available is to receive 
with a combination of a water and gas pipe in place of 
the usual antenna and ground. As will be noted in 
another sketch, one pipe is used as the antenna, 
while the other is used as the ground. 

One development in wireless during the recent war 
has been along the lines of submarine and subterra- 
nean antennz. However, antennze of these kinds are 
extremely expensive to install, calling for extensive 
excavation on land and very well insulated cable in 


water. The buried or submerged cable has to be of the 
very best quality, ignition cable being often used al- 
though double rubber-covered wire is satisfactory, and 
is laid in trenches about three feet deep, spreading 
out radially from the receiving station. With one 
wire stretching out in the direction of each transmit- 
ter from which signals are to be received, it becomes 
possible to cut in on any wire of the radially spreading 
system, and to receive directional signals. In fact, 
with a single wire 1,000 to 2,000 feet in length, it is 
possible to receive signals from high-power stations 
several thousand miles away, if the cable is laid on 
the ground and in the approximate direction of the 
stations. 
LOOPS OR CLOSED COIL ANTENNAE, 

A loop or closed coil antenna consists of one or more 
wires wound spirally or helically on a suitable wooden 
frame anywhere from 2 to 100 feet in diameter, and 
electromagnetically exposed to incoming radio waves. 
The small sizes are usually constructed so as to be 
freely turned for directional effects, which will be 
described further on. The designing of a suitable loop 
is left largely to the individual, since it is governed 
by the means at his disposal. One of the simplest 
forms is to make a cross of two heavy sticks and to 


wind the wire spirally on pins placed at regular inter- 
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vals on the arms, or to space the turns on the end of 
each arm so as to make a helical winding. At any 
rate, the square loop is the simplest to make, and the 
spirally wound loop is particularly adapted to direc- 
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A simple form of spiral loop for experimental 
radio work 


tion-finding work. The usual size for such a loop for 
amateur purposes is five feet square. 

In using a loop for receiving it will be noted that the 
primary of the receiving transformer, including the an- 
tenna and ground, is entirely dispensed with, and the 


loop is considered a huge secondary of the receiving 
coupler and is treated accordingly. It has been found 
experimentally that a certain sized loop will only work 
efficiently over a short range of wavelengths, and more 
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TO OTHER APPARATUS 
Wiring scheme for the helical and the spiral 
types of loops 


pronounced on one wavelength. For this reason it is 
advisable to leave the loop a fixed value and tune it 
to different wavelengths with an inductance coil con- 
sisting of a couple hundred turns of wire in series, and 
a variable condenser in parallel. 

It is a well-known fact in radio that a vertically 
placed loop of either the spiral or helical design, re- 
ceives the electromagnetic wave energy best when its 
plane coincides with the direction from which the 
waves are arriving, and practically ceases to act as an 
interceptor when placed at right angles to the direc- 
tion of the incoming waves. Thus it becomes at once 
apparent that if the loop is capable of being rotated 
vertically, this phenomenon can be taken advantage of 
for several purposes, some of which are: 

(a) Interference reduced to a minimum. 

(b) Locating the direction of transmitting stations 
by noting the strength of signals at different set 
tings, ete. 

Inasmuch as the loop is not connected with the 
ground and it is exposed only electromagnetically, the 
atmospheric disturbances or static or “strays” are 
greatly diminished. In fact, it is now generally known 
that most of the long-distance receiving during the war 
wus handled by means of loops, because of the numer- 
ous advantages gained thereby. 

Experimental loops may be made up by the experi 
menter, in the following sizes: 

Number of 


Wavelength. Diameter. 


turns. 
2) to GOO meters 4 feet 6 
200 to 1800 o a * 12 
1000 to 3500 ” & * 40 


The above loops can be wound with ordinary No, 18 
I. & S. gage bell wire, spaced 4 inch apart. 

Besides being used by almost every large seaplane 
for determining by radio measurements the direction 
of a fixed transmitting station, and through the bear- 
ings thus obtained enable the pilot to steer his course, 
the loop arrangement was employed during the war by 
the Allied forces and ourselves to focus or project 
wave energy in a given and predetermined direction, 
and to exclude the reception of such energy from unde- 
sirable sources, 

The loop has many possibilities, and it is hoped 
that the ardent experimenter in radio will carry on 
the work already done by many others, both profession- 
al and amateur. 



































































































































Three simple forms of helical loops, which may readily be made by the average handy man 
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Cupping’’ vs. ‘‘Boxing 
Advances in the Turpentine Industry in the Southern States 
By Prof. Chas. H. Herty, University of North Carolina 


[ConcLupED FROM ScieNTIFIC AMERICAN SupPLEMENT NO, 2272, ror Juty 19, 1919, Page 38] 


“CUPPING” VS. “ROXING.” 


Effect on Tree-vigor.—As the work progressed, care- 
ful record of the dead and down trees were made in 
each half. The count at the end of the three-year 


period is shown in Table 6. 

During the chipping season portions of some of the 
chipped surfaces became unproductive, locally termed 
“dry face.” The results of the measurements of the ex- 
tent of.“dry face” in the two halves of the crop showed 
an excessive amount in the boxed half at the end of the 


first year. From that time on the amounts, while in 
creasing In each, showed less striking difference. Evi 
dently the cause of increased “dry face” in the last 


two years lay more and more in the chipping, and this 
TABLE 6. 
Record of Down and of Dead Trees. 





Number of trees Number of trees 
blown down deac 

= 
Boxed Cupped| Boxed Cupped 

1S oe 8 3 | 35 16 

In 2 years. } 60 | 34 | 139 | 83 

In 3 years evi A | 44 | 217 | 150 | 
l I 





observation led to later valuable experiments on com 
parative ylelds from lighter chipping. 

The results of the first year’s experiments were com- 
municated to the turpentine operators at their annual 
Much interest 
thusiasm. The next few months, however, proved an 
interesting testimonial to the “follow-up” policy of the 
wise advertiser, for, in the three-month period spent 
in arranging for the manufacture of the equipment at 
a reasonable cost and in the preparation of an account 
of the experiments for publication as a government 
bulletin, interest in the matter completely disappeared. 
It was only through the most persistent efforts that 
interest was sufficiently re-aroused, in those at one time 
enthusiastic, to assure the commercial utilization of 
the rather limited output of the cup factory. 

This first season’s use of cups by the operators as- 
sured the future, the results obtained more than con- 
firming the experimental results of the previous year. 
Instantly the demand increased; prejudice slowly gave 
way; the quality of the cups was improved with in- 
creasing experience at the factory; timber owners 
made concessions on price of leases, provided 
were used instead of boxes, eventually stipulating that 
timber could not be worked if box cutting was the 
intention; and labor throughout the territory became 
the new method. 
attendant losses, 
Today box 


convention. was aroused and some en- 


cups 


familiar with and enthusiastic about 
Thus was the box system, with its 
replaced by the more efficient cup system. 
cutting is practically a thing of the past, while many 
forms of cups, to suit individual requirements, have 
become every-day articles of commerce. 


CUP SYSTEM PUT INTO ACTUAL PRACTICE, 

From the outset, railway officials of the Southern 
States, keenly alive to the welfare of the territory 
tributary to their lines, were strongly sympathetic 
with this movement, and by their prompt and intelli- 
gent handling of the question of freight rates on the 
equipment facilitated the introduc- 
tion of the new method. 

To encourage the adoption of the new system, the 
Forest Service adopted the offering, 
free of cost to the operators, the services of the writer 
in inaugurating the work on a turpentine farm. Never 
to be forgotten was the first experience in this work 
of instruction, when on a cold, drizzly February day, 
there was handed 


greatly universal 


wise policy of 


at a southern Georgia saw-mill, 
over for instruction a group of sixteen young negro 
convicts, in characteristic garb and utterly devoid of 
any knowledge of turpentine operations. The situa- 
tion seemed impossible and hopeless, but the future of 
the work was at stake. Fortunately experience gained 
in years of teaching in the aid. 
The setting was entirely changed, but the methods of 


class-room came to 


pedagogy were applicable and necessary. The effort 
succeeded. After such an experience all others were 
easy. 

The “practical man,” however, had his inning, for 


a little later, working in timber near the Gulf Coast 


*Reprinted from Jour. Franklin Inatitute. 


of Florida, it was found that such timber was so tough 
that it was impossible to make smooth, flat surfaces 
tree for the gutters with the ordinary axe 
employed. After a long day of struggle, with defeat 
clearly ahead, the turpentine operator suggested the 
use of the broadaxe for this purpose. The experiment 
was tried and immediately succeeded. Later another 
step forward was taken by the suggestion of another 
operator that in hewing with the broad-axe the bev- 
elled side of the edge be placed next to the tree, This 
was revolutionary from an axeman’s point of view, 
but it was tried and its advantages were immediately 
noted, for there was no difficulty in forcing the axe to 
the surface at the base of the cut, thus saving the tree 
much useless wounding and so increasing the speed 
of operations that in a little while it was possible, 
with an equal force of laborers, to install three crops 
of cups while one crop of boxes was being cut. Such 
details may appear trivial, yet each had its influence 
on the rapid introduction of the system. 


on the 


SHORTAGE ON FIRST DIPPING IS REMOVED. 


As reports began to arrive concerning commercial ex- 
periences with the system all agreed on increased yield, 
but all agreed likewise on the unusually large num- 
ber of chippings required to fill the cups with gum at 
the beginning of the season, especially when compared 
with boxes on similar timber near the cupped trees, 
the capacity of cup and box being the same. After this 
first dipping the superiority of the cup system readily 
showed itself in largely-increased yields. Here was 
a recurrence of the mortifying experience with the 
first dipping of the virgin crop in the experiment at 
Ocilla. What could be its explanation? How could 
the trouble Various suggestions were 
made and numerous experiments tried by men of all 


be overcome? 


types in all sections, but without success in overcoming 
this chief defect in the system. 

A few years later the writer had opportunity to visit 
Tschirch in his laboratory at Berne, 
there learned his views concerning 


Professor A. 
Switzerland, and 
resin flow, views based on the results of experiments 
on many pines in the neighborhood. According to 
Tschirch the resin ducts, found scattered throughout 
the wood of a normal pine, contain a resin which is 
life processes in the 
therefore, a purely 
ducts he designated 
yield only a_ small 


result of natural 
Such a 


product, 


formed as a 
living 
physiological 
“primary resin 
quantity of crude turpentine when the tree is wounded. 
Immediately after the there be- 
gins in the outer fresh wood the formation of a very 


tree. product is, 


and such 
ducts.” These 


wounding, however, 


large number of resin ducts, both above and below 
the wound, forming an anastomotic system, which 
pour out crude turpentine in great quantity as a 


healing balsam over the wound. Such an exudate is 
a pathological product, and the ducts producing it he 
termed “secondary These extend four 
to five inches above the wound, requiring four to five 
weeks for their full development. 

In the light of this knowledge the explanation ot 
the excess yield of the boxes over the cups on the 
first dipping was simple. When the boxes were cor- 
nered a full-width, V-shaped formed 
above which the secondary resin ducts formed in abun- 
dance during the several weeks which elapsed before 
the chipping season began. Then when the first chip- 
ping was made the cut traversed secondary resin ducts 
along its full length and a maximum yield was ob- 
tained. On the other hand, the late arrival of the 
cups for the experimental work made it necessary to 
begin chipping immediately afterward. The secondary 
Tesin ducts had not fully formed during this brief in- 
terval, and there was a correspondingly low yield of’ 
crude turpentine, which, however, rapidly increased 
later as the ducts increased. Again, in explanation 
of the same difficulty experienced by operators who 
placed their cups on the trees many weeks in advance 
of the chipping season, it must be remembered that the 
flat faces for the gutters were then being made on the 
tree by the broadaxe. The cutting of a _ straight- 
edged tool into a round tree exposed the fresh wood 
above in the form of two curved lines, meeting at the 
center of the cut surface. Again, the secondary resin 
ducts formed, but following the outline of the cut. 
When, therefore, these trees were chipped only about 


resin ducts.” 


surface was 


half of these ducts, those near the center, wre 
traversed by the downwardly-inclined stroke of the 
hack. Hence a flow of gum far below that in the 
box system, but again rapidly increasing after the first 
full-width cut formed by the first chipping. This 
suggested a simple method for overcoming the losses 
encountered during the first six or eight weeks of 
operating under the cup system; namely, the placing 
of the gutters on the trees in winter should be followed 
immediately by one full-width chipping and the trees 
allowed to stand, without further chipping, four or five 
weeks. Opportunity would thus be given for full for- 
mation of the secondary resin ducts along the full 
width of the chipping surface, as in the box system. 
These views were laid before a number of operators 
using the cup system, and they were requested to try 
the modified method on some of their timber during 
the next winter. They agreed: the experiments were 
carried out, and in every case the cure for the evil 
was found to be complete, cups so placed yielding a 
greater amount on the first dipping than boxes or than 


cups placed without the one winter chipping. Con- 
servative estimates made by experienced operators 


place the total annual gain from this slight modifica- 
tion of woods practice at not less than $500,000. 
Could there be asked a better illustration of the value 
of pure university reasearch, as was that of Tschirch, 
for efficient industrial operation? 


IMPROVED CHIPPING, INCREASED YIELD. 


With the future of the cup system assured, atten- 
tion was next turned to the relative yield of crude tur- 
pentine with reduced wounding of the tree in chipping. 
These experiments were conducted near Green Cove 
Springs, Florida. 

In order to interpret the results clearly, all trees 
were cupped, and one of the crops chipped to normal 
depth, seven-tenths of an inch into the new wood, the 
thickness of the chip such as to carry the 
chipping up the trunk at the normal rate. This crop 
was designated A, 

In another crop, designated B, the depth of the 
chipping was reduced from seven-tenths to four-tenths 
of an inch, all other conditions being identical with 
the standard crop, A. 

In a third crop, designated C, the thickness of the 
chip was so reduced that the same elevation on the 
trunk would be reached in four years as was reached 
in three years in crop A, all other conditions being 
alike in the two crops. 

Finally, in a fourth crop, designated D, no tree un- 
der ten inches was worked; the minimum diameter for 
trees bearing two cups was raised from twelve inches 
as in crop A, to sixteen inches; and, finally, no tree 
bore more than two cups, regardless of its larger di- 
ameter. In this crop the chipping was the same as 
in the standard crop, A. 


being 

















The results of the four years of work on these 
crops are given in Table 7. 
TABLE 7 
Di 
Crop | be Pp ; | a : 
Yield | Increase | Yield Increase | Decrease 
Pounds Per cent. Pounds Per cent Per cent 
A | 206,235 . 47.742 . . 
B 211,911 2.75 44,838 6.08 
Cc | 214.503 4.01 39-775 ; 16.69 
D | 279.260 | 35.41 53.915 | 12.93 ‘ 
' 
Taste 8. 
| Number | 
Crop Number | of chip Yield of | Increase 
of cups | pings | dip | 
| Pounds | Per cent 
Walkill Turpentine Company | 9,880 35 90,094 p 
G . ° : 9,880 35 | 124,292) 38 
H . os | 9880 | 35 [121474 35 
The marked success of these experiments led to a 
further experiment for one year, in which was com- 


pared with a standard crop, such as A above, the yield 
from two crops, designated G and H, in which both 
modifications of chipping, shallow and thinner cuts, as 
in B and C above, were combined. The results are 
given in Table 8. 

Thus was the way clearly pointed out for more con- 
servative treatment of the trees, the result being 
largely-increased yields. 





were 
of the 
in the 
e tirst 
This 
losses 
ks of 
laci ig 
lowed 
trees 
or five 
ll for- 
e full 
mm. 
rators 
oO try 
luring 
were 
> evil 
ing a 
than 
Con- 
ators 
lifica- 
0,000. 
value 
\irch, 


tten- 
. tur- 
ping. 
Cove 


trees 
rmal 
. the 

the 
crop 


the 
nths 
vith 


the 
the 
‘hed 


‘ing 


un- 
tor 
‘hes 
ree 
di- 


as 


ese 





" 


J ly 26, 1919 





SCIENTIFIC AMERICAN SUPPLEMENT Na. 2273 8 











tre further experiments on the reduction of the 
und in chipping justified? This is a difficult ques- 
t n to attempt to answef. Certainly there is a limit 
which such reductions can be carried, beyond which 
t ancial loss will result, under existing conditions of 
« st of stumpage and wages of labor. If the tree is not 
. vunded, crude turpentine is not produced; if it is 
dled, the tree dies. Somewhere between these ex- 
mes lies the most efficient operation. From the re- 
~ its already mentioned it is evident that past practice 
chipping has been on the side of too excessive 
unding. Whether or no the limit should be further 
r duced ean be determined only by experiment. 


AN ABUSE OF THE CUP SYSTEM. 


One abuse, however, has arisen in connection with 
the spread of the cup system; namely, the general 
practice of cupping very small trees. Such trees were 
not brought into operation under the box system, as 
they were too small to receive a box, but they could 
lhe cupped with ease. Two strong objections hold 
against this practice. First, the trees of the future 
naval-stores industry are being destroyed, a_ well- 
marked case of child-labor abuse for which there is 
no legislative correction. Second, the judgments of 
the leaders of the industry agree that the operation of 
such small trees is unremunerative in itself, yet often 
producing sufficient crude turpentine to sertously de- 
preciate the market value of that produced from the 
larger trees. Much has been spoken and written by 
these leaders against the practice, but still it contin- 
ues. Is not experiment advisable here? The follow- 
ing is suggested, and it is hoped that the suggestion 
will receive the consideration of the United States 
Forest Service. An investigation is needed of what 
is the actual yield from a crop of ten thousand of 
these very small trees during a period of three or, 
better, four years of operation. Such an investigation 
would give facts where now mere opinion prevails. 
The experiment would not be costly, because it could be 
carried out in connection with the regular operations 
of a turpentine farm. It would require only efficient 
supervision; the dipping from the small trees to be 
kept separate from those of unquestioned size, say ten 
inches and over in diameter; the yields from the two 
lots compared, and the results published for the bene- 
fit of all. Such a publication would constitute a 
valuable contribution to the literature of this subject, 
and such facts would carry far more weight than any 
amount of spoken or published criticism. 


THE TURPENTINE “STILL.” 


Leaving now questions connected with woods-prac- 
tice, let us follow the barrels of gum to the distillery, 
or “still,” as it is uniformly called. This manufactur- 
ing plant is exceedingly simple, and, as a rule, roughly 
built, the rapidly-shifting character of the industry 
not justifying more pretentious housing. A large cop- 
per kettle, the “still” proper, is set in brick masonry 
above a firebox in which pine wood is burned. Eight 
to ten barrels of the gum, mixed with chips, dirt, and 
some water, constitute a charge, the distillation of 
which requires from three to four hours. The kettle 
is connected by a removable “still head” to a coiled 
copper worm, set within a large wooden tank, the 
condenser, into which cold water flows or is pumped 
at the bottom, cooling thus the hot mixed vapors of 
steam and spirits of turpentine in the condenser coil. 
The heated water is led off by an overflow or is partly 
used by running along a narrow trough leading from 
the top of the condenser to a small, funnel-shaped 
opening in the lower part of the still head, and empty- 
ing into the still and on to the boiling gum below, the 
steam thus generated aiding materially the separation 
of the volatile spirits of turpentine from the non- 
volatile rosin. The proper regulation of this flow of 
water has been generally determined by the sound 
produced by the boiling mass heard at the mouth of 
the condenser. Recently the use of inset thermome- 
ters for the purpose of controlling the distillation has 
largely increased. The condensed liquids, flowing 
from the mouth of the worm, separate at once in 
the receiving vessel into two layers. The lighter 
spirits of turpentine is pumped into large storage 
tanks or is dipped into oak barrels, which have been 
thoroughly coated inside with glue. It is now ready 
for marketing. When the volatile oil is practically all 
removed, the still head is taken off, and the chips are 
skimmed. In the case of virgin dip this skimming is 
done as soon as the gum melts and before distillation 
begins. Finally, when aH water has boiled off, a 
necessary precaution to prevent the rosin being opaque, 
the molten rosin is allowed to flow from the still 
through a tail pipe, leading from the bottom of the 
still, to two strainers placed the one above the other. 
The upper strainer consists of coarse wire gauze, and 


retains unskimmed chips. The lower strainer, of fine 
brass gauze over which are placed layers of cotton 
batting, retains the dirt and smaller portions of trash. 
From these strainers the rosin flows into a long 
wooden vat, from which it is promptly dipped into 
barrels, where, upon cooling, it solidifies and is then 
ready for shipment. 


A NEEDLESS BRISK. 


Crude as the method appears to the casual observer, 
nevertheless careful study of this system as compared 
with the much more expensive systems in France has 
convinced the writer that, given a good stiller, equally 
good results are obtained by this very inexpensive 
outfit. Of course, the presence of the personal ele 
ment, as represented by the stiller, is always a risk in 
manufacturing operations, and it would seem to be a 
needless risk in the light of its complete elimination 
in the French system of “mixed injection,’ where heat- 
ing is effected partly by free flame and partly by 
steam; where water vapor is furnished both by inflow- 
ing hot water and by dircet injection of steam; and 
where operations are controlled entirely by the ther- 
mometer. Such plants are not expensive and are very 
simple in operation, ° 

The suggestion has recently been made that this 
industry would be placed on a much more efficient 
basis if the smaller stills in the woods were done 
away with, the gum hauled in tank cars direct to a 
central distillery, advantageously located, and there 
distilled. This suggestion contains many thoughts 
which justify the belief that here lies the way to the 
next decided step forward in the evolution of this in- 
dustry, if questions connected with transportation can 
be properly worked out. Undoubtedly there is much 
waste at the present small distilleries. Important 
matters concerning utilization of by-products cannot 
be properly handled under the present system. Much 
demoralization of labor arises from the still being 
near the turpentine camp. On the other hand, the 
handling of crude turpentine in sufficient quantities at 
a central distillery would justify the presence of the 
most efficient forms of stills and of labor-saving de 
vices common to all handling of material in large 
quantities. Of possibly still greater importance Is the 
fact that operations on such a scale would justify the 
employment of competent chemists, who, in addition 
to the careful control of the operation of the distillery, 
could supervise the manufacture of rosin oil directly 
from the molten rosin, of the various commercial arti- 
cles into which such products enter, and who could 
by systematic research find new uses for and new 
transformations of the various products, thus guiding 
the industry to wider fields of application, and en- 
abling it to more fully keep abreast of that progress 
characteristic of all industries which wisely make use 
of the services of well-trained chemists. 


New Process for Making Neutral Sulphate of 
Ammonia* 

Muc# interest has been shown at the present time 
in the matter of raising the standard of quality of the 
sulphate of ammonia generally supplied in Great 
Britain. A strong movement is in being to persuade or 
compel manufacturers to eliminate the free acid which 
is a normal constituent of the sulphate ordinarily sup- 
plied. Such free acid is detrimental both to the trans- 
port and use of the salt. It rots the bags in which the 
salt is packed, and seriously impedes the agriculturist 
in his efforts to secure an even distribution of the ma- 
terial in the soil. 

It is not surprising that sulphate of ammonia which 
has been produced in the usual manner should contain 
free acid. The crystals of sulphate are deposited in a 
bath, which consists of more or less dilute sulphuric 
acid in association with a solution of sulphate of am- 
monia. As these crystals are removed from the bath 
they are, of necessity, surrounded by, and enveloped in, 
mother-liquor containing free sulphurie acid. Part of 
such acid drains away when the salt is allowed to 
rest; but a portion is left adhering to the crystals, 
and constitutes the free acid which is being objected to. 
In amount it varies from 0.3 to 1 per cent. by weight 
of the salt; an average amount being about 0.5 per 
cent., where no special means are in use for its re- 
moval. 

There are two ways by which this objectionable con- 
stituent may be got rid of. It may be eliminated, or 
it may be neutralized. For example, the salt may be 
washed with water, as in the following arrangement, 
for which a British patent was granted a year or two 
ago. There was an endless chain of perforated buck- 
ets dipping into the contents of the saturator, and 
raising therefrom the crystals of sulphate, which were 


*From Gas Journal and Chemical News (London). 


met by a shower of water applied on the countercurrent 
principle—that is, the sulphate encountered progres- 
sively clearer or fresher water as it moved towards 
the discharge end of the conveyor. Thus the salt re- 
ceived a very effective washing, eliminating the free 
acid. But, unfortunately for the success of the process, 
the washing cannot be applied without at the same 
time some of the sulphate itself being dissolved. This 
is a very grave objection, and has prevented any ex- 
tensive adoption of this method of washing the crys- 
tals of sulphate with water. 

There are several patented methods for getting rid 
of the free acid by neutralizing it. In one, the salt is 
exposed to vaporized ammonia which is caused, by 
suitable means, to permeate the material. In others, 
a solid material containing ammonia in some weak 
combination is mechanically mixed with the sulphate 
which is to be made neutral, so that the free acid in 
the latter may combine with the ammonia that is pre- 
sented to it. These methods of neutralizing the free 
acid by means of added ammonia, in one form or an- 
other, are quite efficient if properly carried out; but 
they are necessarily more or less expensive, seeing 
that the ingredient which is introduced into sgul- 
phate must be brought into intimate contact with the 
latter, necessitating very careful mixture of the ma- 
terials. Neutralized sulphate is said to be Mable to 
become discolored; and this is easily understood. For 
if an excess of ammonia be present in the material it 
will precipitate as oxide, the trace of iron which exists 
in practically all commercial sulphuric acid. 

We have now to describe a method which, by the in- 
troduction of a simple modification of the ordinary 
working arrangement, eliminates free acid from the 
resulting sulphate at practically no expense. This is 
the process devised by Mr. J. T. Sheard, whose com- 
plete specification has just been acepted by the Patent 
Office. The process is based on a realization of the 
fact already alluded to, that every crystal of sulphate 
of ammonia, as it is removed or delivered from the 
saturator, is enveloped in a film of sulphuric acid, 
which in the ordinary course is too viscid to flow com- 
pletely from off the surface of the salt. If, now, this 
film of acid can be diluted with water, so as sufficiently 
to reduce its viscosity, it will be enabled to flow away 
from the salt, leaving the latter practically neutral. 
In this process, therefore, the mass or magma of crys- 
tals enveloped in mother-liquor and acid, is surrounded 
by a fine mist or cloud of water, immediately it leaves 
the saturator, and before the mother-liquor has been 
allowed to drain away from it. The acid film envel- 
oping the crystals of sulphate has a great avidity for 
water, which it absorbs and is diluted by, while the 
salt is protected from meeting with the water and so 
is not dissolved; for the water does not come directly 
into contact with the salt itself. The diluted mother- 
liquor, which drains away from the salt, carrying with 
it the free acid, flows back into the saturator. It might 
be thought that this would lead to too great weaken- 
ing of the saturator bath; but this is not so. It is duly 
allowed for. In the ordinary way of working a supply 
of water, equal to 112 gallons per ton of sulphate 
made, must be provided in some form or other in order 
to reduce the strength of the acid employed—namely, 
140° to 80° Twaddel, which is that generally consid- 
ered the most useful. By the arrangement described, 
so much of the water as is necessary fs used to dilute 
the acid on the surface of the salt removed from the 
saturator before it enters the saturator itself. 





Is a Moving Mass Retarded by the Reaction 
of Its Own Relation ? 


In a recent paper by L. Page [Abs. 823 (1918)], the 
author claims to have proved definitely the non-exist- 
ence of such reaction for the Lorentz deformable elec- 
tron, and, by inference, for any moving mass. In 
order to meet possible objections to the latter result, 
he treats the motion of an electrical doublet by analy- 
sis based on the same assumptions as in his previous 
paper, which lead to conclusions: 

(1) The problem of two charged particles with elec- 
tromagnetic masses, moving under the action of each 
other’s fields in a plane which has a drift velocity 
along its normal, has been treated rigorously, and no 
retardation found to exist as a result of the radiation 
emitted. 

(2) Larmor’s expression for the retardation due to 
the reaction of the radiation from the moving doublet 
has been shown to be a consequence of his failure to 
take into account the effect of damping. The assump- 
tion that damping is negligible leads to a contradiction 
with the electro-dynamic equations, When damping is 
taken into consideration this inconsistency disappears 
and the retarding force vanishes.—Science Abstracts. 
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Vats of oak bark juice or other chemicals which “‘tan’’ the cleaned rawhides. 
The strength of the solution varies from vat to vat 





Dehairing machine which scrapes the hair from the hides after they 
come from the liming vats (see Frontispiece) 


How Leather Is Prepared from Hides 


A Brief Account of the Treatment That Furnishes Leather for Our Shoes 


As we all know loather is made from the skins or 
hides of animals: but skins in their raw, moist, natural 
state are not durable. They are subject to decay and 
disintegration, and dry raw skins are hard, unpleas 
ant to the touch and do not lend themselves to mak 
ing over into useful objects. The aim of the tanner is 
to prevent decay, make the skin more or less perma 
nently pliable and to increase its strength and dura 
bility. 

Of the three general processes for producing leather, 
viz., tanning with tannin, tawing with mineral salts 
and shamoying (chamoising) with oils and fats, it 
is appropriate to here limit ourselves to a brief con 
sideration of the first or tanning process since our il 
lustrations relate to that only. 

The best hides are those of the ox and the heifer, 
tight, 
and bull hides are less generally useful; cowhides are 


for they yield a tough, solid leather. The cow 
thin, compact though fibrous, and spready while the 
. fibrous bull hide is used in shoe heels and cheaper 
belting The quality of hides also varies with the 
breed and the habitat of the cattle. The British and 
European hides are best from the Scotch shorthorns, 
Herefords from the Midlands; and the hill countries or 
Europe, e. g. Alps, Bavarian highlands and Pyrenees, 
New Zealand, Australia and Canada are also said to 
furnish hides approaching the English grades. First 
quality hides of South America come from the Liebig 
slaughter houses and the Uruguay hides are second 
From East India come the hides of 
yearlings known as “kips,” 


only to these 
which are usually finished 
in imitation of box calf. They are tight-grained and 
the leather is not as soft as calf. It is, in gener! 
an interesting reflection that our best leather-making 
hides come from hardy cattle raised in rather rough 
country where they are exposed to all kinds of weather 
Thus durable animal skins and hardy men develop un 
der similar conditions, 
CLEANING. 

When the raw, green hides reach the tannery they 
are still carrying the natural hair on one side and 
fragments of dirt, flesh, blood, and fat on the other. 
They are also liable to be already blood-stained, and 
the shippers may have previously soaked them with 
salt, wet or dry, or have dried them hard in the sun 
We may recall that the hero of “Two Years Before the 
Mast” labored hard at certain South American ports 
earrying board-like raw hides aboard his ship. The 
first operation in the tannery is, therefore, to soften 
the hide to its original conditions and to clean off all 
these dirts and sources of rotting. Usually the newly 
received hide is soaked for a time in perhaps two 
changes of water which may contain a certain propor- 
tion of salt, or caustic soda or other chemical which 
will counteract the decay that has already set in and 
help to soften the fiber. After thoroughly washing 


(Photographs Copyrighted by Underwood and Underwood) 


out with the softening bath and bringing the hides to 
as nearly uniform a condition as possible the next step 
is to remove the hair and the epidermis. 

DEHAIRING AND FLESHING, 

The removal of the hair is accomplished by. soaking 
the hides in lime. Not fresh lime is used here how- 
ever, as that would have the effect of setting the hair 
more firmly. The hides are placed in old lime, which 
has been used repeatedly and is highly charged with 
bacteria. what do the work; 
they work down into the hair sheath and into the surfi- 


These bacteria are 


cial scurf of the epidermis, set up putrefaction of the 

















Hides fresh from the slaughter house 
stretched on frames to dry 


soft hair sheath and bulb and also loosen up the epi 
The lime dissolves the products of the bac 
terial action leaving the hair and epidermis loose. 


dermis. 


From the first lime, the skins then go into two more 
lime soaks the last one being almost clean new lime 
and the hide comes out thoroughly softened and the 
hair almost dropping away. Our frontispiece shows 
the hair-coated hides being treated in this way. The 
quality of leather desired controls the length of time 
the lime-soaks continue and also the composition of 
Sole leather hides stay in the lime 8 to 
10 days, and the top lime is perfectly fresh with some 
For softer 


the “limes.” 


sodium sulphide added as an accelerator. 
leathers mellower liming is given and the time is 9 to 
12 days. 

Having loosened the hair by liming the hair must be 


physically removed. Where hand labor is employec 
this is accomplished by laying the skin hair side up 
over a tanner’s beam and scraping with the dehairing 
knife. Then the skin is passed to a second worker who 
turns it over and cuts away as best he can the flesh 
and fatty matter with his fleshing knife. In the 
United States this work is usually performed by a 
machine of some kind. The third of our illustrations 
shows one type of dehairing machine. The revolving 
reticulate roller with its screen is raised from the 
hide resting across the beam. The defleshing machine 
has to employ knives and these must be mounted or 
opposed in such a way that they “give” to allow for 
unevenness in thickness of the hide. 

The hide is now about to go into the first tanning 
vat, but its different parts are of various densities and 
values, so that the hide is first “rounded” or trimmed 
and divided into several parts (see lower left-hand 
view on page 57) and the more absorbent poorer 
“offal” goes into poorer liquor while the prime part 
or “butt” goes into the strong fresh vats. After 
“rounding” the hide is now again worked over the de 
hairing machine with increased pressure to press out 
and remove all the dirt and semi-soluble compounds 
which still remain soaked in the tissue. Such treat 
ment will also bring out the lime and some soluble por 
tions of the hide but as it decreases the value of the 
hide when too vigorous the hide is first given an acid 
bath whieh neutralizes most of the lime and hardens 
the alkali-soluble portions of the skin. The acid is 
then thoroughly washed out, and the hide run throug) 
the dehairing machine, washed again and transferred! 
to the tanning pits. 


TANNING, 


The carefully cleaned hides do not go at once into 


the strong tannin-charged liquors of the higher 
To do so, or to permit the hides to lie in deep 


piles in the pits would wrinkle the pelt, “case-tan” the 


stages. 


hide, i. e. tan the superficies and render it impervious 
to the liquors which must penetrate the whole thick 
ness if the hide is to be thoroughly converted into 
leather. Another trouble would be the uneven color 
Therefore the first 
stage in tanning is to suspend the hides on poles and 


ing of the hide by the liquor. 


hang them vertically in the coloring pits or “sus 
penders.” The pits are charged with the weakest 
liquors in the yard, which have been working at high- 
er duty for a long time and now contain very little 
tannin; but are mainly acids which neutralize the 
lime and serve to plump the hides. The poles are 
lifted up and down several times a day, to insure even 
coloring; and the hides are moved forward into grad 
ually stronger solutions at the rate of one pit in 24 
hours. This is called the “suspender stage” and re- 
quires 7 to 18 days in all. 
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The second tanning stage, called “handling,” sees the 
“suspenders” transferred to liquors of intermediate age 


and strength which have served the strongest stage 
or iy away” and are progressing to the “suspender” 
pits In the “handlers” or “floaters” the partly tanned 
skins are laid flat in piles in pits and are shoved for- 
ward to the stronger pits at the rate of about a pit in 
two days. While in these handler pits the hides are 
lifted out with a hook every day, laid at the side of 
their pit to drain and returned to the pit in the invers> 
order so that hides on top today are at the bottom to- 
The handling becomes less frequent as the 
leather butts through 
the top two are sometimes converted into “dusters” 


morrow, 
progress these pits, and 
or pits in which each hide or butt as it is lowered 
receives a sprinkling of a small quantity of dry tan- 
ning material. This dusting in the last two of the 
“handling” pits is a forerunner of the next process 
known as “laying away” when the leather is “laid 
away” flat in four successively increasing strengths 
of stronger liquors, each butt, being dusted before 
laying. They remain in the first “laying” pit liquor 
about a week during which time they are not disturbed 
at all; in the second stronger layer they remain quietly 
for twé weeks, in the third for perhaps three weeks, 
and in the fourth for four weeks. The time and num- 
ber of layers and gradations in the liquors varies 
slightly among the tanneries and with the leathers. 

The “laying away” finished, the tanning proper is 
completed. The leather is now hauled out of the 
pits, brushed off, rinsed with weak liquor and al- 
lowed to drip in piles, 

FINISHING SOLE LEATHER. 

From the final piling of the dripping leather the 
butts come away, after two or three days, with a de- 
posit of “bloom,” which comes from the disintegrating 
tannin solution and is known as ellagic acid. It plays 
an important part in the final stage by giving final 
weight, firmness and watertightness to the leather. 
It must be scoured off, usually in a machine, and the 
butts are then steeped in a bleaching mixture for sev- 
eral hours at a temperature of about 110° F, 
Again removed and piled for a while to drip, the butts 
come a second time into the re-heated bleaching mix- 
ture and remain for 24 hours. This second bleaching 
is followed by dripping for 2 or 3 days, after which 
the hides are ready to be oiled on the grain side, and 
hung up in dark sheds to dry until they have attained 
an india-rubber-like condition, 

At this stage the hides are removed, piled, and al- 
lowed to heat naturally and slightly. They thereby 
develop another “bloom,” grayish in color, which indi- 
cates that they are ripe to be scoured, “pinned” over 
until all bloom is removed and brought to a damp even 
color. Having progressed thus far they are run be- 
tween two heavy rollers, the upper one being adjusta- 
ble, and again hung up in the dark sheds to dry in to 
an even color. When dry they are again run through 
the rollers, the pressure being applied from below, this 
time, then dried out finally, brushed to a slight gloss 
and are finished. 

Micrography of Aluminum 

An account of the methods that have been employed 
at the National Physical Laboratory during the last 
five or six years in preparing aluminum and its alloys 
for microscopic examination was given before the In- 
stitute of Metals by Mr. D. Hanson and Mr. 8. L. 
Archbutt. 

The preparation of sections of aluminum and its 

















Heavy rolling machines which knead and 
soften the dehaired rawhides 


alloys demands considerably more care than is required 
for steels and most of the commonly used non-ferrous 
alloys. The sample should be removed from the mass 
of metal by sawing with a sharp hack-saw. In the 
case of the very soft aluminum alloys this operation 
must be carried out with the greatest care, else dis- 
tortion of the structure is likely to occur and may lead 
not only to incorrect interpretation, but also to diffi- 


culty in etching. To grind the specimen it may be 

















The ingenious leather-splitting machine which splits 
two and even three sheets out of one hide 


held lightly against a fast-running emery or carborun- 
dum wheel or may be rubbed down on a file. After this 
it is ground down with increasingly fine emery papers, 
preferably by hand, the papers being placed on a flat 
hard base. Success at this stage depends on the sur- 
face being as free as possible from included particles 
from the papers. To avoid the entanglement of the 
emery particles, the device hds been adopted of soak- 


ing the papers in paraffin before use. Some experi- 
menters like to have the paper flooded with paraffin, 
but occasional soakings seem quife sufficient. 

For polishing, as distinguished from grinding, the 
normal method at the National Physical Laboratory 
is to use a rotating metal disc covered with smooth 
surfaced woollen cloth of good quality and driven by 
an electric motor, the speed of which can be varied at 
will. The pad is moistened with distilled water and a 
little magnesia is placed upon it, the specimen being 
held against it in such a way as to be rubbed at right 
angles to the scratches. During this part of the oper- 
ation the pad may be rotated at about 500 r.p.m. The 
specimen, except in the case of some of the harder al 
loys of aluminum, will then be found to be covered 
with very fine scratches in the direction in which the 
pad has passed over it; to remove these the pad should 
be washed nearly free from the polishing powder with 
distilled water and again rotated, generally at a slower 
speed than before, though the speed depends largely 
on the hardness of the alloy. The specimen is then 
again held against the polishing pad, but is rotated 
slowly in the opposite direction to that in which the 
pad is moving, so that it is rubbed equally in all di- 
rections. 

The authors also summarized the metallographic 
characteristics of most of the constituents met with in 
binary alloys and in some ternary and still more com- 
plex alloys, of aluminum with copper, zinc, nickel, mag- 
nesium and manganese, and outlined the etching 
methods and reagents available. They remarked that 
aluminum alloys are among the most difficult which 
the metallographer has to etch. They exhibit a great 
readiness to become “tarnished,” especially by aqueous 
solutions, probably by the formation of an adherent 
coating of hydrated oxide of aluminum which it is ex- 
tremely difficult to remove, either chemically or me- 
chanically, without destroying the etched surface of 
the specimen. This is especially the case with metal 
which has been cold-worked, and the preparation of 
perfectly etched specimens of such material is a mat 
ter of great difficulty —Times Engineering Supplement 
(London). 


Utilizing Volcano Steam 


THE latest example of the utilisation of waste forces 
is the pressing of the volcano into service. Special at- 
tention has been directed to this source of heat by the 
extraordinary high prices of coal in Italy. The idea 
is not altogether new. Some years before the war, 
Prince Ginori-Conti, in Tuscany, made an attempt to 
use those natural forces. In the volcanic region round 
about Larderello, there are vents, locally known as 
“soffioni,” from which powerful jets of steam are 
emitted. The Prince, choosing the most powerful of 
Soffione, led a portion of the steam, which is ejected 
under a pressure of five atmospheres, into a 40 h.p. 
engine. This attempt having proved successful a 300 
h.p. turbine-alternator was installed. Recently the 
Prince has been exploiting the thermic energy of these 
softioni on a much larger scale. But as other substances 
are emitted with the steam, among them sulphuric 
acid, which corroded the iron pipes, he used the steam 
only for heating, i. e. for raising steam in boilers. 
Three turbine-alternators of 3,000 kw. each were in- 
stalled. The works at Larderello to-day have a central 
plant of 16,000 h.p. running without interruption and 
distributing current to Florence, Livorno and Grasseto. 
The capacity of this plant is shortly to be increased.— 
Enginecring and Mining Journai. 



































The men at the table are trimming the untanned dehaired hides. 


On the left, sulphide, liming, and washing paddles 


Smoothing the leather by machines which shave off the grain 


or rough hair-bearing surface 
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Recent Researches on Cholera—II’ 
How the Modern Physician Solved the Problem of Reducing Deaths from This Dread Disease 


By Lieut.-Col. Sir Leonard Rogers, F.R.S. 


[Conc.upeD FROM Screntivic AMERICAN SUPPLEMENT FoR JULY 12, 1919, No. 2271, P. 30) 


ALKALIS AND RENAL COMPLICATIONS. 
“Liagnt was first thrown on this problem by an 
American physician, Dr. Sellards, working in the 
Philippines, who suspected a diminution in the alkalin- 
ity of the blood, or acidosis as it is generally termed, 
because he found that large doses of alkalis by the 
mouth failed to make the urine alkaline as it would do 
in health. He therefore added sodium bicarbonate to 
the saline solution used in cholera for intravenous 
injections, and obtained a marked reduction in the 
death-rate from renal failure, In 1911 Major Megaw, 
when acting for me in Calcutta, read Sellard’s work, 
and tried alkaline solutions intravenously in cases 
of cholera with suppression of urine, but with dis- 
appointing results, the measure being apparently too 
late once this complication had become established. 
Karly in 1912 I therefore commenced an investigation 
of the changes in the alkalinity of the blood in cholera, 
which Sellards had not then done, and finding an ex- 
treme degree of reduced alkalinity in all cases with 
fatal kidney trouble, with the help of Capt. Shorten, 
and later of Rai Satish Ch. Banerjee Bahadur, of 
the Physiological Department, I made a long series of 
such estimations in cholera cases, with the result of 
demonstrating that a very marked degree of diminu- 
tion of the alkalinity of the blood occurred in all 
cholera cases, while once it reached the extreme degree 
of N/100 from a normal of about N/25 fatal suppres- 
sion of urine took place in spite of very copious alka- 
line injections. It thus became clear that in all severe 
cholera cases sodium bicarbonate should be added to 
the hypertonic saline solution as a routine measure to 
combat the acidosis from the first, and prevent it 
reaching a dangerous degree. The results of this ad- 
dition to the treatment were soon apparent, and after 
three years’ use of the alkaline solutions the death- 
rate from renal complication among nearly six hun- 
dred cases had fallen to 2.98 per cent. from a figure 
of 11.1 per cent. during the previous three years, or a 
reduction of 74 per cent, in the losses from this deadly 
complication, and the last remaining cause of death in 
cholera was thus largely conquered. 
'HE DIMINUTION IN THE MORTALITY OF CHOLERA. 
The results may be very briefly summarized in the 
following table, showing the mortality under the dif- 
ferent forms of treatment, or rather the continued 
elaboration of my system of treatment with increasing 
knowledge derived from combined clinical and patho- 
logical investigations extending over twelve years, and 
culminating in a reduction of the mortality between 
1895 and 1905, before I began work, of 59 per cent. to 
one of 19.1 per cent. between 1915 and 1917, or one- 
third of the former rate, while in 1917, among 208 
cases, it was but 14.9 per cent., or one-fourth of the 
earlier figure, although all cases admitted moribund 
and dying before a saline injection could be given, thus 
coming late in a hopeless state from suppression of 
urine, and very young and very old persons without 
the stamina to allow the treatment to have a fair 


chance, are included. I therefore think it may fairly 


Table of Cholera Mortality Under Different Methods 
of Treatment, 


Years Cases Deaths Mortality Recoveries 
Normal Saline subcutaneously and per rectum. 
1895— 1905 1243 788 59.0% 41.0% 
Normal Salines intravenously. 

1906 112 57 51.9 49.1 
Normal Saline subcutaneously and per rectum. 
1907 158 94 59.5 4p.5 
Hypertonic Salines intravenously. 
1908—7-1909 204 96 82.6 67.4 
Hypertonic Salines plus Permanganates. 
8-1900-—1914 858 222 25.9 74.1 

Hypertonic Salines, Permanganates, and Alkalis. 
1915—1917 638 122 19.1 80.9 


be chimed that cholera has now been robbed of most 
of its terrors by simple scientific investigation with the 
aid of physical methods in the use of the hzemocrite and 
specific gravity test, chemical research in the use of 
permanganates to destroy the toxins in the bowel, and 
alkalis to combat the deadly acidosis and physiologic 
al principles leading to the use of atropine and the all 


essential hypertonic saline injections. More may yet 


*From the Presidential address to the Indian Science 
Congress, Bombay, 1919. Reprinted from Nature (London). 


be done, but sufficient has already accrued to prove 
the inestimable life-saving and economic value of med- 
ical research work, and to encourage both administra- 
tive authorities and philanthropists to look on liberal 
expenditure on medical research as the best possible 
use of public and private money. 


THE FUTURE OF MEDICAL RESEARCH IN INDIA, 


The great lesson to be derived from the researches 
on cholera which I have related is the importance 
of combined clinical and pathological investigations. 
So strongly do I hold the necessity of medical re- 
search workers being in the closest possible relation- 
ship with large hospitals to enable them to work on 
practical lines that I regard Pasteur’s great discovery 
of his preventive treatment of hydrophobia as having 
been a curse rather than a blessing to India, because 
it has lead to three important research laboratories 
being placed on remote hilltops for the sake of the 
relatively insignificant mortality from hydrophobia, to 
the grave detriment of work on all the more important 
tropical diseases. Now that the treatment of hydro- 
phobia and other bacteriological methods can be 
carried out in the plains with the help of a refrigera- 
tor, as is being done at the present time in Rangoon, 
no excuse for further repetitions of this grave mistake 
remain, 

The serious disadvantage which so many of the 
members of the bacteriological—or, as it should be 
called, medical research—department now labor under 
by their divorce from large hospitals in the plains 
will be partly removed when the schools of tropical 
medicine in Calcutta and Bombay are opened, when 
team-work so essential to the solution of the larger 
medical problems will be possible. In addition, all 
the larger hospitals should have whole-time patholo- 
gists, to enable the abundant clinical material they 
contain to be made available for research purposes, 
and also to allow the clinical staff and the patients to 
have the immepse advantages in the diagnosis and 
vaccine and other lines of treatment which a bacterio- 
logical laboratory affords through recent advances in 
our knowledge of medicine. For example, fevers and 
dysentery are the two great causes of disease and 
death in India, but it is only with the help of micro- 
scopical examinations that they can be rapidly diag- 
nosed and efficiently treated, and without this aid even 
the most experienced physicians too often cannot do 
full justice to their patients. In future, I understand 
pathologists of our medical colleges will be supplied 
from the bacteriological or research department, and 
will make the subject their life-study, and not be eli- 
gible for clinical posts. In order to get the medical 
officers with the highest abilities and scientific train- 
ing required for success in research to devote their 
lives to it, and to abandon the much more lucrative 
clinical side of medicine, it will be absolutely neces- 
sary to give them salaries in proportion to the long 
and expensive scientific training of from six to eight 
years which they receive after finishing their general 
school education. 

Now that the war has led to careful inquiries into 
scientific education in Great Britain, and a greatly 
increased demand for men of science at home, the diffi- 
culty in recruiting those required for industrial and 
educative progress in India will be much greater than 
hitherto, while it will be still further enhanced by the 
uncertainty of the prospects of young men coming to 
India for their life’s work in Government service due 
to the proposed ten-yearly kaleidoscopic changes in the 
constitution of this country. I have felt it to be my 
duty to point out the rocks ahead in this direction 
and to indicate the absolute necessity for much more 
generous treatment in the immediate future of men of 
science of all branches of knowledge required for 
service in India. 


THE NEED FOR LIBERAL ENDOWMENTS OF MEDICAL RE- 
SEARCH IN INDIA, 


Lastly, I wish to direct attention to the great life 
saving and economic importance of such investigations 
as those which I have related on cholera, and many 
others which might be mentioned; as when this is 
fully realized by the public, endowments of medical 
research will surely be forthcoming in India on a 
far larger scale than hitherto. Bengal and Bihar 


have generously given me seven lakhs for the Calcutta 
School of Tropical Medicine, half of which has been 
expended on the Carmichael Hospital for Tropical 
Diseases, and the remainder will be used for mica} 
research and the partial upkeep of the hospital under 
a governing body of medical experts. In addition, the 
Tea, Jute and Mining Associations are contribhvting 
60,000 rupees a year for the support of three addi- 
tional workers to investigate on practical lines those 
diseases which affect the value of the labor forces. 
Bembay has always been noted for the liberality of 
her citizens, so I confidently appeal to this great city 
to do at least as much for my friend Col. Liston’s 
school here, which he has labored so long and pa- 
tiently to found in connection with the Parel Labora- 
tory. 

Now that the world-wide devastation and the de 
struction of irreplaceable human life have at length 
ceased, I should like to see the flow of money diverted 
to the noble object of saving life by means of a great 
extension of medical research, and I can conceive of 
no more fitting thank-offering for the delivery of the 
world from the greatest menace that has ever threat- 
ened modern civilization. 


Hardness Tests for Metals 

Tue hardness tests for metals and alloys such as 
are now employed in all advanced workshops and shop 
laboratories are of two classes—the dead pressure, 
represented by the Brinell, and the rebounding, of 
which the Shore is typical. Each is convertible ap- 
proximately ‘nto the other. The two systems are 
rivals, in the sense that special advantages are claimed 
for each, but both are in common use, and are ren- 
dering invaluable aid in the testing of metals and al- 
loys and in securing uniformity of results in ma- 
terials of the same kind when subjected to identical 
treatment. This uniformity is an essential basis of 
the tests, else a piece of chilled cast iron or brittle 
glass or porcelain might be compared with an in- 
tensely tough case-hardened alloy steel, though the 
materials have nothing in common but the hard 
surface. 

BRINELL SYSTEM. 

In the Brinell test, due to Mr. J. A. Brinell (1900), 
then engineer of the Swedish Fagersta Iron and Steel 
Works, a hardened steel ball is pressed into the sam- 
ple to be tested and remains in contact for several 
seconds, the dimensions of the impression being a 
measure of the hardness. As differences in degrees 
of hardness cover a wide range, say, from soft lead 
to hardened steel, the tests are divided into two groups, 
one for iron and steel, the other for the softer ma- 
terials. 

The standard Brinell ball measures 10 mm. (0.3937 
in.) in diameter. It is forced into the specimen with 
a pressure of 3,000 kg. (6,614 lb.) in iron and steel, 
and 500 kg. (1,102 Ib.) in the softer metals. The diam- 
eter of the impression made is measured with a mi- 
croscope, and the spherical area of the concavity is 
calculated. Tables are prepared in which the caleu- 
lations for hardness numerals are given through a 
large range of diameters of impressions, from 2muin. 
to 6.15mm., and for the two standard pressures of 
3,000 and 500 kg. 

The. hardness numeral is made a measure of the 
ultimate strength of iron and steel. It is multiplied by 
a constant coefficient that was derived from an ex- 
tensive series of experiments. Two coefficients are 
used for hardness numerals below 175, and anotlier 
pair for those above 175. The two for a series corre 
spond with impressions effected respectively in the 
direction of rolling and transversely thereto. They 
are respectively 0.354 and 0.362 for the numer:ls 
below 175, and 0.324 and 0.344 for the numerals abov: 
175. Multiplying the hardness numerals by these co 
efficients gives the ultimate strength of the materials 
in kilograms per square millimeter. The results, 
which if desired, can be converted into pounds per 
square inch, agree very closely with the tensile tests 
obtained from ordinary test pieces. 

The limitations as well as the value of the Brine! 
hardness test are apparent. The results are compar: 
ble only when identical materials are subjected t 
precisely similar treatment. Any variation requires 
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a w set of coefficients, but within these limits the 
res (s are very close and reliable. Their great ad- 
ya! ige is, that without preparing test pleces, and 
wit out inflicting injury on the article being manu- 
fac ired, its tensile strength can be rapidly ascer- 
tai d well within the range of limits of accuracy 
th: are required. Further, when articles have been 
sul -cted to heat treatments of a localized character, 
the local effects of these can be ascertained. Shells, 
for xample, are tested over different areas correspond- 
ing with higher and lower tensile strengths. 

ie applications of the Brinell method cover prac- 
ticu ly the whole of the work of metallurgy in foundry 
and machine shop manufactures, in the laboratory, 
an’ in the hardening shop. There is no stage in the 
ranze of operations where the Brinell tests are not 
applied. They test uniformity of composition, homo- 
genvity, the effects of hardening and of annealing, of 
temperature, of quenching liquids, of cold working, and 


much else. 
SHORE SCLEROSCOPE. 


With the Shore scleroscope (1907) the hardness of 
metals is ascertained from the rebound of a minute 
drop hammer from the specimen. The harder the ma- 
terial the higher the rebound. The instrument com- 
prises a little cylindrical drop hammer weighing about 
1/12 ounce with a cylindrical body, which falls 10 
inches through a glass tube with an accurate bore 
and rebounds after impact with the specimen. The 
test does not depend on the impression made, which 
is slight, but on the height of the rebound of the 
The diamond striking-point is slightly spher- 
ical and blunt, about 0.020 inch in diameter. The 
tube is graduated as high as 140. On the scale of 
graduations quenched steel is represented by from 90 
to 110; lead from 2 to 7. The height of fall and the 
weight of the hammer concentrated on the small 
rounded point produce a force which is equivalent to 
about 500,000 pounds per square inch. Quenched 
steel is arbitrarily taken as 100 hard. As this pres- 
sure exceeds the elastic limit of the hardest steel, all 
other materials fall lower. But the scale is graduated 
above the standard hardness degree of 100, which is 
placed at about 68 per cent. of the total height. The 
explanation lies in the work that is done in the mak- 
ing of a permanent impression by the hammer. Its 
amount depends on the hardness of the material, which 
offers resistance to penetration in proportion to its 
hardness. As the hammer always delivers a blow of 
the same energy, the penetration and the rebound vary 
with the hardness. If a rebound of 75 is given on 
hard steel, 15 per cent. has been spent in the effort of 
the hammer to overcome the resistance of the steel 
to penetration. In the case of lead, at the other ex- 
treme, the energy is nearly all spent in effecting pen- 
etration, the rebound being from 3 to 7 divisions only 
on the seale. 

Certain precautions are necessary if tests are to be 
taken accurately. The dimensions, the mass, and the 
manner of support influence results to a remarkable 
extent. There must be no elasticity in the support of 
the specimen, if accurate results are expected. The 
work may be brought to the instrument, or the latter 
may be set on the work. 


hammer. 


LIMITATIONS. 


The limitations of all hardness tests must be clearly 
realized. The resistance of a material to penetration 
is termed its quantitative hardness. The limitations 
which vary with all conceivable conditions of work- 
ing are quantitative, and are concerned with anneal- 
ings, tensile hardness, fiber, and so on; tests, there- 
fore, are of value only when they are restricted to 
and relate strictly to the same qualitative conditions. 

Within these strictly determined limits hardness 
tests are of great utility both in the selection of raw 
material and during the progress of operations which 
involve hardening, tempering, and heat treatments 
generally. The first essential is to determine a stan- 
dard of hardness which corresponds with a definite 
Standard of efficiency. The tests taken will then se- 
cure a degree of uniformity sufficiently close for all 
practical purposes. In ordering material the hard- 
hess test is specified with a certain percentage of 
permissible variation. In some materials the ductil- 
ity is included; in others some at least of the elements 
of the chemical composition, as the carbon content in 
Steels, and so on, leaving to the manufacturer the 
more precise selection of alloying elements. The 
hardness scales for every separate element in motor- 
car work and in specialized engineers’ work are now 
in many cases settled and standardized. Cams, gears, 
shafts, axles, keys, nuts, springs, frames, even the 
castings for cylinders and other parts, all have their 
hardness numbers in present-day practice, and as 


metals and alloys variously treated have been stan- 
dardized as regards hardness values on the Shore 
scale, comparisons can be made with the hardness 
tests. 

APPLICATIONS. 


One of the numerous valuable applications of the 
hardness test is to parts of mechanism in frictional 
contact. The fact is familiar that when two such 
surfaces run together, the harder will wear the softer, 
and the latter should be the more readily renewable. 
Hardness tests reveal these relations, and are there- 
fore used in all kinds of bearings. 

The hardness tests have their most useful applica- 
tions in connection with the extensive practice of heat 
treatment. They are misleading and useless, as has 
been pointed out, for comparing dissimilar materials, 
but for the results that follow annealing, hardening, 
or case-hardening of identical materials they establish 
a standard which secures uniformity with the least 
possible trouble and expense. Brass cartridge cases 
afford an instance of repetitive tests. The hardness 
which these develop after each separate drawing ren- 
ders annealing necessary. The tests are made before 
and after each redrawing or annealing operation. 

The influence of the motor-car industry and the 
enormous and ever-increasing numbers of internal 
combustion motors employed for water and air craft 
have introduced the hardness tests into hundreds of 
shops. The stresses of service are so severe and pe- 
culiar that a large number of alloy steels of definite 
average chemical compositions have been standardized, 
and the heat treatment that is suitable for each has 
been defined within fairly close average limits. For 
some purposes these steels require equal toughness and 
strength throughout; others, which are subjected both 
to intense stress and to hard frictional service, must 
have tough cores and case-hardened surfaces. The be- 
havior of steels from the same melt, and subjected to 
identical treatment, is frequently uncertain. A micro- 
scopical examination would usually reveal the charac- 
ter of the structure, from which its behavior might be 
inferred, but a far more rapid test is necessary in the 
shops, and this is supplied by the Brinell and the Shore 
methods. At every crucial stage of manufacture these 
tests are applied and serve as checks upon the heat 
treatment. In the case of springs—leaf, volute, and 
spiral, large and small—tempering is done by a work- 
man of long experience and the result is tested by the 
power of recovery of the springs after straightening, 
or bending, or compression. The hardness tests are 
now employed to ascertain the average hardness that 
is required in a strong spring, which is from 75 to 80 
on the scale of the Shore instrument. 

The application of the hardness test to tool steel is 
hedged with limitaitons that inevitably throw the ma- 
chinest back on the old actual cutting tests. In theory 
it has been laid down that if the comparative hardness 
between the tool and the work is as 3 to 1 or 4 to 1 
the tool will be efficient. But this quantitative test 
is not reliable when applied to tools of high-speed steel, 
which work most efficiently when heated. The whole 
subject is very complicated. Professor Arnold, who 
has recently attacked its theory, asserts that there is 
no relation between Brinell hardness and lathe effi- 
ciency, and that this efficiency depends entirely on the 
thermal stability of the simple or compound hardenites 
in the hardened steel. The thermal stability denotes 
the capacity which the hardenites have of becoming 
softeried by heat. Thus the simple hardenite of plain 
carbon steel has a limit of thermal stability of less 
than 300° C., while the compound hardenite of a car- 
bon-tungsten-chrome-vanadium steel may be stable up 
to 700° C. The Brinell hardness of the first might 
be 700 against 600 for the second, but its endurance 
only from 0.2 to 0.3 per cent. of the second.—London 
Times Engineering Supplement. 





The Trim of Ships—Effect of Speed* 


TuereE is a popular idea that a boat gradually rises 
out of the water with increase of speed. Actually a 
number of changes take place with regard to the trim 
and immersion of a vessel as her speed is increased, 
and careful observations have been carried out to re- 
cord these effects. 

The water round a moving vessel acts in a different 
yay from water at rest. Varying pressures are set up 
round the ship which are quite distinct from the hy- 
drostatic pressure in still water. These pressures 
form the waves that accompany a ship in motion. Ow- 
ing to the comparatively high velocity of the water 
Amidships, there is a reduction in pressure there which 
lowers the water level as well as the ship compared 


*See also Sci. AMER. Surr.., Feb. 1, 1919, No. 2248, DP 15. 





. 


with the ordinary surface of the water. At the bow 
and stern the pressupes are above the normal, and al- 
together there is a change of trim. Slow-moving ves- 
sels, or, to be more accurate, vessels whose speed in 
relation to their length is small, do not exhibit these 
phenomena to any marked extent, but quite appreciable 
changes take place with fast vessels. It is not easy 
to take actual measurements of these quantities, but 
Mr. D. W. Taylor, of the United States Navy has made 
some extensive experiments on models. In the full- 
size ship the propeller would alter the results some- 
what, although the difference is not great, and gener- 
ally would cause the vessel to sink slightly more by 
the stern, 
SOME CHANGES OF TRIM, 


In all ships at low and moderate speeds the bow and 
stern both alike settle, and this effect is much greater 
in extent for full and short vessels of the cargo type 
than for long fine vessels of the passenger class. It is 
sometimes thought that vessels in motion rise above 
their ordinary level in still water. This idea would 
appear to be confirmed from experience with very fast 
motor-boats and hydroplanes. They actually do rise 
above their original level, but it must be remembered 
that their speeds in relation to their very short lengths 
are high, and similar corresponding speeds are never 
obtained in ordinary ships. A normal vessel will 
always sink bodily, but, as has been pointed out, the 
water surrounding it—especially amidships—is de- 
pressed, and in consequence it appears as though the 
vessel had risen. Low and moderate speeds do not 
give anything like the variations of trim and draft 
that occur with high speeds. The change of trim that 
takes place can best be illustrated by an actual exam- 
ple. With a torpedo-boat destroyer 290 feet long only 
moderate effects occur up to a speed of about 17 
knots, the bow and stern both settling. The bow then 
begins to settle more slowly and ceases to do so at 
1914 knots, when it begins to rise fairly rapidly, at- 
taining its original level at about 23 knots. The 
stern sinks very rapidly at speeds above 20 knots— 
much more rapidly than the bow rises—with the result 
that the ship settles down and increases her trim by 
the stern very largely. In the neighborhood of 30 
knots the stern is sinking less rapidly than the bow 
is rising; the body settlement therefore reaches its 
maximum, At a speed of about 31 knots in this boat 
the stern remains practically stationary, but the bow 
continues to rise with increase of speed, so that the 
vessel rises bodily at speeds above this. 

The speeds mentioned are quite within the ordinary 
range of practice for a boat of this type, and it is in- 
teresting to study the figures for the changes in trim. 
Up to the speed of 1914 knots already referred to there 
is very little actual change, but at 26 knots the bow 
would have risen about 15 inches and the stern sunk 
about 4 feet; at 31 knots the bow would have lifted 
by over 3 feet, while the drep at.the stern would be 
about 5 to 6 inches. Going to higher speeds still, at 
36 knots the bow would have risen 4 feet and the stern 
would have sunk 5 feet 6 inches. This represents an 
actual change in trim of 9 feet 6 inches, entirely pro- 
duced by the movement of the ship. Some idea of the 
force acting on the boat may be formed when it is 
stated that to produce this change of trim with the 
boat in still water a force-couple of 30,000 tons-feet 
would have to be exerted on the vessel, which is 
equivalent to moving a weight of 100 tons in the ship 
from the extreme forward to the extreme after end. 


RESISTANCE AND TRIM. 


It is sometimes thought that this change of trim, hy- 
droplane action, as it is sometimes called, adds consid- 
erably to the resistance of the ship. In reality, it is 
a result of resistance and not a cause of it. Since 
there is a definite change of trim in any particular 
boat associated with a given speed, instruments have 
been devised to measure this change in trim with 
the object of predicting the speed of the vessel. Very 
little success has attended these efforts, however, since 
particularly if a fluid is used to measure the change 
in trim—it is difficult to allow for the effect of the 
acceleration of the vessel on the fluid. In addition, 
unless the water is. perfectly still, changes of trim 
will be brought by the action of the waves, and entirely 
destroy the accuracy of the instrument. 





SQUATTING. 


It is well known that there is some critical speed 
in all fast vessels at which the trim changes rapidly. 


It is sometimes called the “squatting” speed. In the 
290-foot destroyer already referred to this sudden 
change occurs at a speed of about 20 knots. It really 


shows that the wave-making resistance is beginning 
(Concluded on p. 64) 
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Sorghum’ 


A Plant of Value as a Source of Food and Industrial Raw Material 


Snorrace of sugar has directed special attention to 


sources for satisfying man’s sweet tooth other than 
One of the most in 


called 


While its percentage of sugar is much less 


the sugarcane and the sugar beet 


teresting of these is the maize-like plant 


sorghum 
than that of the two plants mentioned above it fur 


nishes a fair grade of molasses, which can be used 


for the table and also for preserving fruits. Since 


sorghum grows readily in many parts of the temper 


ite zone the farmer can thus be partially independent 


of the sugar supply from the tropies; but the sorghum 


plant has other qualities which make it peculiarly 


valuable It furnishes an excellent fodder for ani 


mals; paper can be made from its fibers; one variet$ 
brooms, and it also 
While it has 


mainly for 


s especially grown for making 


yields a useful wax and an excellent dye 


long been grown in the United States, 


fodder, molasses and broom straw, the full extent of 
its usefulness is not as widely realized as it should be 
This plant has recently attracted much attention in 


France for the aforesaid reasons, and Larouse Men 


description of 


suél recently published an excellent 
it, to which we are indebted for the 
following pragraphs and the accom 
panying illustrations 

Serghum belongs to a class of the 
graminacae and is related to the 
sugarcane and the andropogons. It 
is a tall handsome plant with strong 
erect culms which reach a height of 
from one and one-half to four meters. 
The leaves are sheath formed with 
au broad and elongated blade, similar 
to the leaves of Indian corn. The 
lowers, arranged in branching pani 
cles, more or less dense, are grouped 
in unifloral spikelets by twos and by 
threes. One of these, which is ses- 
sile, is a hermaphrodite flower; the 
other one, or the two others, pedicled, 
neutral each 


are male or flowers ; 


spikelet is provided with two coria 
ceous glumes, either obtuse or point 
ed at the summit, and almost equal in 
size. The glumelles, which are mem 


braneous and ciliated, or covered 


with small soft hairs, are unequal 
in the hermaphrodite flowers. The 
stamens are three in number; the 
ovary is sessile, glabrous, and sur 
mounted by two terminal styles hav 
ing feathery stigmas The caryop 
sis is oblong, compressed at the back 
and free in the glumes and the glu 
melles at maturity. The seeds are 
enveloped in the glumelles, which are 
black, 


dish brown, or at 


purplish, gray, or dark red- 
times very light 
and yellowish in tone. 

According to Candolle the sorghum 
had its origin in Equatorial Africa, 
where specimens of it have been 
found in prehistoric deposits. It has 
spread thence into Egypt, China and 
Indies 


the East Herodotus speaks 


of it as found in Babylonia Pliny says that in his 
time black millet, as it was called, was imported from 
India into Italy. 


ed with the saccharine variety of sorghum, as well as 


The Romans were likewise acquaint- 
with the other products of Egypt and Abyssinia. It 
has been cultivated since remote antiquity in Egypt, 
India and China. The saccharine variety was intro- 
duced into Europe in the 15th Century by the Genoese 
and the Venetians, who cultivated it. Benjamin Frank- 
lin imported it into America. In 1850 Montigny re- 
imported it into Europe from China, and in 1854 Wray 
reported that the Zulu Kaffirs cultivated several va- 
rieties of it in Natal under the name of imphy. 

At this time the Society of Acclimatation interested 
itself in the sorghum from Africa and China, but these 
attempts coincided with the development and the cul- 
tivation of the sugar beet. The way in which this 
accommodated itself to northern climates and the in- 
creasing use of it led to the neglect of the sugar 
sorghum, 

The genus sorghum comprises several species, some 
of which are very interesting. The principal ones are 


*Transiated for the Scigntiric AMBRICAN SuPPLEMBNT from 
LaRousse Mensuel. 


Alep Sorghum, Cuba Grass and Para Grass (Sorghum 
Pers). As original in the Orient and nat- 


uralized in the Mediterranean region, it measures from 


halepense, 


one-half meter to a meter and a half; its inflorescence 
is séanty, its spikelets all turned in the same direc- 
tion, its flowers are green and violet. Its coriaceous 
leaves furnish but a poor quality of fodder. It grows 
in waste places and has been recommended for bind- 
ing the steep banks of rivers. 

A hundred varieties of common sorghum (Sorghum 
vulgare Pers.); according to G. Capus and D. Bois 
these may be grouped as follows: 

Panicle.—The included in the 
glumes; (a) principal axis of the panicle short, long 
Technicum (Broom Sor- 
principal axis elongated; var. Sacchara- 


1. Loose caryopsis 


secondary branches; var. 
ghum); (b) 
tum (Sugar sorghum). 

2. Dense Panicle.—Caryopsis included in the glumes; 


(a) erect pancle; var, Vulgare (Common Sorghum) ; 


(b) Drooping Panicle: var. Cernium (Drooping Sor- 
ghum), Caryopsis extending beyond the glumes; var. 


Doura (Douro Sorghum), Changallar Sorghum, Cou- 





1—Growing Sorghum (S. vulgare); 2—Flower enlarged; 3—Diagram of flower; 
4—Douro; 5—Its fruit; 6—Sugar Sorghum; 7—Its fruit; 8—Drooping 


Sorghum; 9—Broom Sorghum 


scou Sorghum, all these varieties belong to the same 
species, 

The Broom Sorghum or Broom Millet (Sorghum 
cultivated 
the Mediterranean, in the south of France, in the re- 
gions of Orange and Carpentras, in Algeria, in Italy, 


and in the United States. 


vulgare Pers var. Technicum) is along 


These are the varieties of 
Florence and of Venice, which are the most esteemed 
because of the length and fineness and the whiteness 
of the seed. The panicle has very long branches which 
Its inflo- 
rescence, when deprived of the seeds, is used for mak- 
ing brooms in France, Italy and the United States. 
The seeds, which are entirely covered by the glumes, are 
used for chicken feed. Common Sorghum (Sorghum 
Vulgare Pers.), is cultivated for its seed in Asia and 
in Africa, where it is very widely grown. This inflo- 
Its seeds are spherical 
and enveloped by the glumes which are of various 
colors. 


are rigid, elastic and either erect or curved. 


rescence is erect and compact. 


Sorghum, also called white sorghum, 
gooseneck, white liberian and Egyptian wheat or rice 
resembles common sorghum except for its drooping 
The top of the stalk (Axis of the inflo- 


Drooping 


inflorescence. 


rescence) is curved downward. The seed is red 
by the glumes and is large, globular and white. 

Douro Sorghum is cultivated in China, Persia, Tiurke- 
stan, America and Africa for its flour. It is raised in 
the south of France, in Italy, in the United States, 
etc, as fodder and to feed poultry. In Algeria the 
natives also cultivate it when the crop prospects are 
poor, and a few rains in the spring are sufficient to 
assure a passably good harvest on the hills, and a 
better one on low ground. It is a plant which exhibits 
great resistance to drought; without it certain regions 
of the Soudan and of Turkestan would be uninhab- 
itable. 

It is planted in the early spring twenty-five kilo- 
grams per hectar being allowed when sown broadcast, 
and eighteen kilograms per hector when planted in 
rows, Which is the better way. The crop is harvested 
in the summer; in mediocre ground from 1,200 to 1,800 
kilograms of seeds per hectar are obtained; in good 
soil, fertilized and watered, much heavier crops are ob- 
tained. 

The “Dra,” which has black seed, is the least val- 


uable. The “Beckra” with white 
seeds is more prized. The grain 


must be thoroughly dried before be- 
ing stored, otherwise it undergoes 
change. 
pare a sort of beer called “Pouh” from 
this grain. 


The sugar 


In Senegal the natives pre- 


sorghum, Minnesota, 


ealled Sugar Gaolian, Kaffir Sor- 
ghum, Imphy (Sorghum vulgare 


Pers. var. sacchariatum) comprised 
several varieties of the common sor- 
ghum, which are cultivated in Man- 
churia, China, Japan, the Philippines, 
India, Arabia, Abyssinia, Egypt, the 
Soudan, the Coast of Africa, southern 
Russia, Brazil and the United 
States. The typical panicle is loose 
and spreading; the seeds are more or 
less rounded, with the 
glumes, black, white or light in color. 
The pith of the stalk contains a 
very considerable proportion of 
sugar, a property which it 
with several other varieties of the 
common sorghum. 
Cultivation.—The sugar 
has need of sunshine, the southern 
regions of France, Corsica, Algeria, 


covered 


shares 


sorghum 


Tunisia, Morocco and Italy are suit- 
able to it. It can be cultivated to 
advantage as far as the Loire, if 
proper soil and proper exposure be 
chosen. It should not be cultivated 
in regions which lack rain in sum- 
mer unless irrigation is possible. A 
light, deep cool soil containing some 
chalk is favorable. It does well in 
alluvial earth; an 
should be avoided. The soil should 
be thoroughly broken up and well 
manured; good results are obtained 
from organic fertilizers containing 
nitrates and phosphates (blood, night soil powder), 
stable manure and vegetable fertilizers. 

When grown in small quantities it can be planted in 
sheltered nurseries early in March or even before, de- 
pending on the country and the amount of rain. It 
ean also be sown in pots, the plants growing all the 


excess of salt 





transplanted at 
centimeters apart 


better afterwards. The plants are 
distances of from twenty to thirty 
in rows from fifty to eighty centimeter apart 
each other, being layered or earthed up (buttant). 
When grown in large quantities it should be sown 
in rows in March or April; two or three seeds in each 
hill being planted at distances of sixty to eighty cent 
meters, and then lightly harrowed or merely rolled. 
Since the grain is small three or four kilograms per 
hectar are required. A liter weighs six hundred and 
fifty grams; a kilogram contains from 45,000 to 47,0100 
seeds. The grain does not sprout well if planted too 
deep. It should be covered with earth to a depth «! 
only two or three centimeters. It sprouts in two 
weeks, more or less, according to the exposure and 
the amount of moisture. When the young plants a! 
twenty to thirty centimeters high they are hoed a! 
earthed up. The hilling is for the purpose of causil: 
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the plant to form suckers; in place of a single stalk, 
it | then produce a bunch containing five or six, or 
ever. more. In case it does not rain it is well to irri- 
gate it from time to time, or to water it where grown 
in sinall areas. The young plants then grow with 
grt vigor. The harvest is gathered in September or 
October when the seeds ripen, at which time they have 
a beautiful shining black color. Castration is prac- 
ticed at the flowering period, merely by removing the 
flowers or the panicles. 

While one hectar may produce as high as 60,000 to 
80.000 kg. of stalks, it is better to count on a lower 
average. In such a crop there would be a yield of 
48.000 kg. of stripped stalks, which would produce 
16.500 kg. of sap, 1,300 of sugar or else 11% hecto- 
liters of alcohol, 3,000 kg. of paper pulp or else 13,500 
kg. of bagasse for fodder. 

There would also be 4,500 kg. of leaves for fodder, 
4,000 kg. of seed with 1,120 kg. of glumes, while the 
roots and stubble of the stalks would amount to 5,000 
kg. The author of the Larousse article, André 
Piédalla, states that recent experiments in the north 
of Franee with sorghum have not as yet given satis- 
factory results as to the percentage of sugar. In 1917 
he obtained in saccharose on land in the neighborhood 
of Paris, from 4 to 5% of the stripped stalks. In 
October, 1858, Louis Vilmorin obtained 10.01% of the 
sap in sugar at Verriéres, and in November of this 
same year 13.08% and 14.06%; the year following he 
obtained percentages of 10.12 in October and of 16 in 
November. These figures were obtained with plants de- 
scended from the Chinese seeds imported by Montigny. 
In the southern part of France, on the contrary, the 
percentages of sugar rise to considerable importance. 
In 1912 Edouard Heckel obtained at Marseilles the 
following percentages of sugar in 100 parts of sap: 
10.94 of sacchararose and 3.53 of reducing sugars, a 
total of 14.47. In order to increase the amount of 
sugar this investigator undertook the castration of 
the sorghum, that is, he suppressed its blossoms. The 
same year he obtained at Marseiles 13.70% of sacchara- 
rose and 4.46% of reducing sugars or a total of 18.16% 
of sugary substances in one hundred parts of sap. 

Castration, however, involves certain disadvantages: 
In the first place the sugary juice contains starch 
which interferes to a certain extent with the extraction 
of the sugar; secondly, of course, the plant fails to 
produce seed. The method, however, may be recom- 
mended to agriculturists raise sorghum solely 
for the manufacture of alcohol. While most investi- 
gators speak of the reducing sugars present in the sap, 
M. Piédallu has, as yet, observed none. He ascribes 
this to the fact that his observations were made upon 
stalks gathered immediately before the analysis, and 


who 


presumes that the reducing sugars are due to the fer- 
mentation of the cut stalks. These reducing sugars 
do not interfere with the manufacture of alcohol, but 
are very troublesome in the industrial manufacture of 
sugar. 

Other experiments controlled by Semichon were un- 
dertaken in the region of Narbonne and of the Rou- 
sillon, and gave excellent results as to the percentage 
of sugar with the varieties Collier, Colman, Orange, 
Gooseneck and early Minnesota. Leon Boyer notes 
that in the United States the Colman variety yielded 
a total sugar percentage of 15.9, of which 1.44% were 
reducing sugars while the Collier variety gave 17.47% 
of total sugar of which 1.22% were reducing sugars. 


INDUSTRIAL EXTRACTION OF SUGAR, 


Sugar is extracted from the stalks after they have 
heen stripped of leaves and panicles. There are two 
methods of operation: that by which 
treated with mills having three horizontal cylinders, 
and with presses to extract the juice, and that com- 
mon in the United States in which the plant is divided 


sugarcane is 


into small pieces by means of special cutters, which 
throw the panicle to one side, and the pieces of stalk 
The scraps of leaves are sepa- 
pieces of stalks, while falling, by 
The pieces of stalks or “cossettes” are 
This 


“cossettes” are 


and leaves to the other. 
rated from the 
means of a fan. 
finally ‘placed in baskets to be soaked in water. 
sugar to diffuse. Now 
placed to diffuse in water already containing sugar, 
and subsequently pass through solutions which are 
less and less concentrated, having the last amount of 
juices finally extracted by pure water. The 
juices are neutralized with lime, concentrated, skinned, 
filtered, clarified by beef blood, and then refiltered, 
concentrated, allowed to erystallize, and finally cen- 


causes the 


sweet 


trifugated. The molasses is reserved for the manu- 
facture of alcohol. 

The stripped stalk yields 50% to 60% of its weight 
in sugary juices; in other words, 33,000 kg. of stalks 
will yield 165,000 kg. of sap, registered 9° to 10° 
(Baumé) and titrating 10% to 20% of sugar, from 


which can be extracted 1,300 kg. of crystallized sugar, 
or 114% hecto-liters of alcohol. 


THE HOUSEHOLD EXTRACTION OF SUGAR, 


One great advantage in raising sorghum is that the 
sugar from it can be prepared at home. The sorghum 
gathered either by the pruning hook or the machine 
is stripped and divided into “cossettes” by a strong 
cutter. can be dried rapidly in the 
sun, taking care to have them well aired and often 


These “cossettes” 
turned. In this state they keep for several months, 
which enables small quantities to be used as needed. 
Since the dry “cossettes” have lost 70% of their water 
they can also be readily sent to market, packed in 
bags. This method, however, has the disadvantage 
that the drying partially transforms the 
rose into non-crystallizable sugars (Glucose and Levu- 


sacchara- 


lose). When the dry “cossettes” are to be used they 
are first softened in water and then treated like fresh 
“cossettes” in the following manner: Boil the de- 
with about half their vol- 
When the 
mass is reduced to pulp it is strained through a firm 
The juice 


sired amount of “cossettes” 


ume of water, more or less, as necessary. 


piece of linen, being thoroughly squeezed. 
thus obtained is neutralized with a very small propor- 
tion of milk of lime (the amount being 
tested by litmus paper), or else it is merely clarified 


required 


by a small quantity of beef blood which on coagula- 

tion, when heated, carries off impurities in the scum. 

Another method of purification is by the white of egg. 
The sap concentrated to 15° (Baumé) and skimmed 

is filtered, then concentrated afresh until it 

syrup which is preserved in jars 


reaches 
the consistency of 
kept in cool dry places. This syrup can be used in 
the place of sugar for domestic purposes. It can be 
used to heighten the musts of wine, which are too 
fermented drinks at times when 
It can also be used, after dilution 


weak, to 
wine is very dear. 
and fermentation, to manufacture alcohol, and in the 
present year it will be highly valuable for the prepa- 


prepare 


ration of 
boiling and evaporation of the syrup, it is advanta- 
geous to make use either of apparatus having a large 
surface or else regular vacuum pans, such as are used 


marmalade and preserved fruits. For the 


in the manufacture of cane sugar and beet sugar. 

The Heightening of Wine.—Some wine growers in 
the south of France cut the stalk of sorghum into 
“cossettes,” and add these directly to the wine. This 
is practically the only custom that remains from the 
attempts at acclimatation which were made in France 
between 1850 and 1860. 


WINES AND CIDERS AND ALCOHOL FROM SORGHUM. 


The juice of sorghum, or the “cossettes,” mixed with 
the pulp of grapes or apples, and the proper amount 
of water, and then allowed to ferment, yields a bev- 
erage which has the taste of wine or of cider. Such 
home made drinks may service at the 
present time. Alcohol fermentation makes use either 
of the diluted syrup, of the more or less concentrated 
sap or even of “cossettes,”’ which have been put to 
soak in water containing ferments. The fermentation 
must be carried on very rapidly and as soon as the 
must be dis- 


render great 


transformation of the sugar occurs, it 
tilled in order to avoid loss of part of the alcohol. In 
large plants it is prudent not to count on more than 
five liters of 95° alcohol from 100 kg. of stalks. 

Residual Substance of the Stalk.—A micrographic 
study of the stalk reveals an abundance of fibers, ac- 
cording to M. Piédallu, suitable for paper making. 
He succeeded in making from them on a small scale, a 
very firm and handsome paper. The stalk yields from 
10 to 17 per cent. of cellulosic substances, 33,000 kg. 
of the stripped stalks furnishing about 3 tons of 
paper pulp, worth (in France) 135 franes ($27) per 
ton. Obviously the use of sorghum for paper making 
would do much towards the saving of forests; where 
the residuum of the stalks is not employed for this 
purpose it is used as fodder under the name of 
“bagasse.” This residuum can also be used as a 
source of red and yellow dye-stuffs. Furthermore the 
stalks exude at maturity a valuable wax, of great use 
in the manufacture of various products (wax encaus- 
tic, ete.). This is collected by scraping the stalks. 

A curious fact mentioned by M. Piédallu is that 
while in France the leaves constitute an excellent fod- 
der, in India and Egypt the authorities report cases 
of cattle poisoning from their use, the young or im- 
perfect stalks containing a cyanogenic glucoside known 
as “durrhine.” (It is a well-known fact that plants 
which are poisonous in some localities may be harm- 
less in others. Thus the digitalis, which is toxic in 
the Vosges, is used in the Vendeé for making an in- 
fusion like tea.) 

The Roots.—These can be used, after being washed, 
either for making alcohol or for feeding swine; in the 


latter case they must first be boiled. 
about 5,000 kg. 

The Seeds.—These do not ripen in the climate of 
’aris, but in the south of France are plentiful enough 
to yield from two to three hundred grams per plant. 
They are enveloped by the glumes which acquire a 
characteristic black color when mature; in 100 grams 
of seed the glumes will weigh 28 grams. 
containing a large proportion 
fatty 
color and of excellent flavor; it 


A hectar yields 


The seeds are edible, 
of starchy, nitrogenous and substances, The 
flour is brownish in 
can be mixed with wheat flour to make bread. 

Sorghum grain can also be used as feed for cattle or 
poultry, for manufacturing alimentary pastes, and for 
making beer. The Dolo beer of the Soudan, the 
Tialva of the Kaftirs, the Merisa of Brazil are all 
beers made from sorghum seed. A hectar yields from 
4 to 1 thousand kilograms, or 40 to 50 hectoliters. 

The Glumes.—The author has succeeded in extract 
ing from these some interesting coloring matters, with 
which he dyed leather. He 
obtained very pretty shades of gray, salmon pink, rose- 


wool, cotton, silk, and 


color, lilac, red and brown, depending on the mordant 
salts of iron, aluminum, chromium, calcium, or 
The grays or leather are particularly attrac- 


used 
copper. 
tive, resembling the beautiful grays obtained from the 
privet berry. The glumes also contain a_ certain 
amount of fatty body having about the consistency of 
wax or suet. A hectar yields 1,120 kg. of the glumes, 
rich in coloring matter. 
Related Plants.—Another 


(Penicillaria spicata, 


graminaceous plant, the 
boujera wild) which, like the 
teff (Poa Abyssinica, Ait), plays a great part in the 
nutrition of the natives of Africa, is also called carly 
spiked sorghum, candle millet, or pearl millet. 

The millet 
nutritive value. 


(Paricum miliaccum, L.) is likewise of 


Scattering of the Sun’s Light by Irregular 
Refraction 

J. SpisKerpoer, in a recent dissertation, has con- 
firmed a suggestion made by W. H. Julius that in ad- 
dition to the scattering due to molecules, scattering 
by irregular refraction due to accidental gradients in 
optical density must affect the distribution of luminos- 
ity of the sun’s disc. The authors, L. BE. Ornstein and 
I’. Zernike, point out that the intensity of light in a 
beam subject to such gradients contained within a 
section of given length 1 of a cone with conical angle 
dw, and with its axis making an agle a with the di- 
rection of incidence may be represented by a function 
y(a)dw, Which is of perceptible value = only for very 
small values of a, and the integral of which over a 
sphere of unit volume is, by the definition of y, equal 
to unity. This leads at once to an integral equation 
for the intensity of radiation, 
formed into a differential equation by the condition 


which can be trans- 


that y is of sensible value only for small values of a. 
The diffusion is then found to be determined by the 
And this 
magnitude is specific for the problem, since a* is pro- 


ratio a°/] where a* is the average value of a’. 


portional to l.—Secience Abstracts. 


On the Slopes of Cloud-Layers 

Tue work of W. H. Dines, F. M. Exner, and others, 
has shown that conditions at heights of about 9 km. 
in the substratosphere exercise a great influence upon 
the variations of pressure recorded at the surface. 
As high clouds are often observed at that height, and 
as a cloud-layer may sometimes be supposed to mark 
a surface of equal pressure, an endeavor is made to 
measure the inclination to the horizontal of cloud- 
layers at that height. The apparatus used is Sprung’s 
“Cloud Automat,” a combination of two cameras both 
directed towards the zenith at about 1144 km. horizontal 
distance from one another, with an electrical device 
for making simultaneous exposures at any 
moment. The apparent horizontal displacement of any 
portion of cloud from the one plate to the other is in- 
versely proportional to the height of the cloud, and as 
an area of about 50 sq. km. at 10 km. can be shown on 
each plate, there may, on suitable occasions, be suffi- 
cient data on a pair of plates to determine the slope 
of the cloud-layer. 

Slopes are found varying from less than 5° in 17 


desired 


cases, between 5° and 10° in 2 cases, to above 10° in 
only 5 cases. The maximum was a slope of 18°, 
measured in a cirrus-wisp at 10 km. height. 

The conclusions reached are that slopes of clouds 
across the direction of cloud motion are usually pro- 
duced dynamically, and that secondary depressions 
can in such cases be developed at the surface. Slopes 
of cirrus sheets on their front sides are probably 
thermal origin as a rule—Science Abstracts. 
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The Color of Water—IV’ 


A Valuable Compendium of the Literature on a Neglected Subject 
By Prof. Wilder D. Bancroft, Cornell University 


[ConcLupeD rRoM Screntiric AMERICAN SuprpLtemMent No. 2269, ror June 


Special experiments showed that in a tube 26 meters 
long a difference of O.57T° between the water in the 
tube and the surrounding medium is enough to pro- 
duce opacity. “This slight difference is quite within 
the order of temperature variations which must occur 
inevitably in the waters of lakes and seas. It makes 
us see that the tint cannot be the same in the zones 
exposed to the sun's rays and in the zones situated in 
the shadow of a cloud or a mountain, The water 
which receives the rays of the sun must appear more 
luminous not merely because of the greater amount 
of light which falls upon it but also because the solar 
energy makes the water less transparent than that in 
the shade, -'f the wind blows unevenly over the sur 
face of the water, differences of the same order may 
be noted. The wind causes evaporation which lowers 
the temperature of the water, thus neutralizing the 
convection currents due to the heating by the sun's 
rays, and making the water appear more transparent, 
or less illuminated, This accounts for the difference in 
tints to be noticed on the surface of lakes and seas, 
differences which indicate to some extent the direc- 
tion of the wind.” 


TABLE V 


| Fes Color. 


ee | 
Dark mahogany brown 
Deep yellow 

Ye Ihe w 

Golden yellow 

Yellow with trace of green 
More yellow than green 
Grass green 

Green with trace of blue 
Bluish-green 
Greenish-blue 

Blue with trace of green 
Blue like pure water 


10 000 

100 000 

I 000 000 
2 ooo 000 
4 000 000 
6 ooo 000 
8 000 000 
10 000 OOO 
12 000 000 
18 000 000 
20 000 000 
24 000 000 








In still another paper Spring“ takes up the question 

of colored compounds in the water, especially iron and 
humus. He determined the color of pure water con 
taining varying amounts of ferric oxide in solution 
or suspension. He did this by dissolving in aqua regia 
0.700 g. iron which is equivalent to 1 g. of Fe,O,. 
After this had been evaporated to dryness on the water 
bath, the product was dissolved in one liter of pure 
water distilled in a platinum apparatus. This yellow- 
brown solution was then diluted and examined after 
dilution in a tube five meters long. The data are 
given in Table V. 
“From this it follows that ferric oxide affects the 
blue color so soon as its concentration gets above one 
part in twenty-four millions, On the other hand, the 
Lake of Geneva contains one part of ferric oxide in 
about three million, but the water is blue and not 
yellow rhe water of the Meuse is green and not yel 
low when it contains one part of ferric oxide in 1,500, 
WOO of water. On the basis of analysis the Mediterra- 
nean should be brownish yellow and not blue. From 
this it follows that the iron ip these waters is not 
present in the sume state as when a solution is made 
up in the laboratory. The point that has been over- 
looked is the effect of humic matter. 

“In order to get suitable humic matter I have taken 
the black waters from the peat bog on the plateau of 
jaraque Michel, which is the highest plateau in Bel- 
gium. In this way I was certain of getting water un- 
contaminated by industrial products and containing 
only the brown-black compounds dissolved from the 
peat It is therefore prolable that the substance 
used corresponded closely and perhaps absolutely with 


the humie matter found 1 so-called pure, natural 


waters, In fact the water I used was black as ink 
by reflected light but somewhat coffee-brown by trans 
mitted light when observed in a_ twenty-centimeter 
layer. It can be filtered through filter paper, though 
very slowly, which proves that the brown substance 
is not entirely in solution. Its density was 0.99885 at 
25.5 Since pure water has a density of 0.99759 the 
peat water was 1.0012 times as dense. When examined 
with a spectroscope it gave a continuous, dark spec- 
trum, in which one saw only red and green, but no 
blue and almost no yellow. It had a slight acid re- 
When evaporated in a platinum crucible, it 
After the car- 
bonaceous matter had been destroyed by heating in the 


action. 


left a black residue of 0.152 g. per liter. 


*Reprinted from Jour. Franklin Institute 
“Bull. Acad, roy. belg. 1897, 31 (3): 578. 


air the residue weighed 0.0238 ¢g. There were there- 
fore 0.1282 g. of organic combustible matter per liter 
of water. The mineral matter 
(0.0238 g./liter) indicated a water that has not flowed 
far through the earth. It is actually rain-water fil- 


tered slowly through a layer of peat. 


small content of 


“With this peat water the effect of humic matter on 
the color of water has been determined. The data are 
given in Table VI, the concentrations being grams of 
combustible matter per gram of water. 

“This table shows the extreme coloring power of 
humic matter. It has an effect about double that of 
ferric oxide if one compares equal weights. It is there- 
fore easy to see the difficulties to be surmounted in a 
laboratory preparation of a really blue water, a pure 
water not containing more than one part in fifty 
million of organic matter. 

“Filtered water from the Meuse contains about one 
gram of combustible matter in nine thousand of water. 
If the combustible matter in the water of the Meuse 
were brown, soluble, humic material like that of the 
peat water, the river should look like a river of ink. 
The organic matter of the natural waters can no more 
be dissolved humic matter than the ferric compounds 
can be in a true state of solution. The concentration 
is more than a thousand times that which corresponds 
to the actual color of the water. 


Taste VI. 





Humic Matter. | Color. 
| I : 500 000 | Yellow-brown 
| £:1 000000 | Yellow 
| I : 10000 000 | Yellowish-green 
| I : 20 000 000 Green 
| I : 30 000 000 Bluish-green 
I : 40 000 000 Greenish-blue 
I : 50 000 000 Blue 








“From the preceding results one might expect to get 
au very dark brown liquid by mixing water containing 
a ferric salt with water containing humic material; 
but this is not the case. The water clears up and the 


rate of clearing is faster the more intense the light. 


: eee Inder the influence of light the organic matter 
reduces the ferric salts to some extent, converting 
them into green ferrous compounds, the coloring ef- 
fect of which is not comparable with that of the ferric 
compounds. Owing to the absorbed oxygen the humic 
matter probably becomes more acid and therefore forms 
salts more readily with the oxides of iron, alumina, 
ete., these [hypothetical] salts precipitating readily on 
account of their insolubility. 
remaining in solution are oxidized by the action of the 
When 
converted into ferric compounds they oxidize more of 
the unprecipitated organic matter. The ferric com- 
pounds therefore act in natural waters in the way 
Hzemo- 


The ferrous compounds 


air or by the oxygen dissolved in the water. 


hemoglobin does in the blood of animals. 
globin is looked upon as an oxygen carrier, taking it 
up from the lungs and distributing it through the 
system. The organic substances in the water are im- 
mersed in a medium which burns them while the body 
of an animal is irrigated by an oxidizing liquid. 

“The interaction of ferric salts and organic sub- 
stances under the influence of light gives rise to an ap- 
parent equilibrium between the oxygen of the air and 
If the intensity of the light 
increases, the proportion of ferric compotids decreases, 


the ferrous compounds, 


because the organic substances will be oxidized more 
completely. Since the water will then contain smaller 
amounts of yellow or brown compounds, it will become 
more and more distinctly blue. On the other hand if 
the intensity of the light decreases, the rate of the 
oxidation will decrease and the water will become more 
and more green, or even yellow, because the supply of 
coloring matter will not fall off with decreasing in- 
tensity of light. It is therefore easy to see why waters 
exposed to the sun are usually the bluest. 

“If the amount of iron is very small relatively to 
that of the humic substances, these latter may be oxi- 
dized very slowly, in which case they will impart their 
brown, or even black, tint to the waters In which they 
are. The black waters of the equatorial regions of 
South America are said® to contain 0.028 grams of 


™Muntz and Marcano: Comptes rendus, 1888, 107: 231. 
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free humic acids per liter, a little more than on fth 
as much as the black peat water from the plate: of 
Baraque Michel in Belgium. In his paper on the olor 
of water, Wittstein® has pointed out that the b.own 
waters of Bavaria are remarkable for their sof: ess, 
They contain almost no mineral matter. 

“If the amount of iron is relatively large, ther nay 
be almost complete elimination of the organic matter. 
Almen” has called attention to the purity of the creat 
lakes of Sweden. Lake Wettern is almost free from 
organic matter. Between these extremes there are 
the more common cases where the waters contain iron 
and organic substances in what one may call ordi- 
nary amounts. If one omits the instances where these 
waters are obviously turbid, their color will be a dark 
green like those of most of our rivers, the Meuse, for 
instance, the waters of which are characterized by the 
absence of depth of color and by a lack of that trans- 
parency which one finds in lakes or in the ocean. This 
is the effect that would be produced by the joint pres- 
ence of iron and of organic substances. 

“In so far as the waters of the river are exposed to 
the sunlight, a purification is continually taking place. 
If the river is sufficiently long, the purification may 
even be complete before the waters reach the sea. This 
happens with the Nile. The upper waters are green in 
the dry season and become more and more blue as 
one approaches the mouth of the river. In this case 
one can exclude the hypothesis of the change of color 
being due to the influx of other waters. It is the water 
of the Nile itself which changes color as it flows to 
the sea. 

“In this way one can account for the deep blue color 
of the high seas and in general of large masses of 
water, even when the analysis does not permit us to 
recognize any important differences. The case with 
which humic matters combine with ferric oxide makes 
it clear why ferruginous mineral deposits always con- 
tain organic matter. In fact, the limonites of the 
prairies and the ochres have been suggested as raw 
material for making humic compounds.” 

The green often observed in swimming pools is un 
doubtedly due to suspended matter, though I can find no 
record of anybody having determined the exact nature 
of the suspended matter. 

A special point has been discussed by Steuer.* “The 
color and the transparency of the water of the Danube 
bear so close a relation one to the other that we can 
not treat them separately. We may draw the follow- 
In winter the water is usu 
ally turbid and green to yellowish green; the melting 
snow and ice in the spring with the consequent rise 
of level, together with the influence of the drainage 
water, increase the turbidity and make the color of the 
river even more yellow. That the color of the Danube 
never is blue except in the song, is well known. At 


ing general conclusions: 


best the water is greenish and usually it is a dirty yel 
low. On the other hand, after a few windless days in 
late autumn, winter and occasionally in spring, the 
water of the ‘old Danube’ becomes quite clear and 
appears a beautiful blue. Apart from the presence ot 
plankton, the transparency and change of color of 
the water vary with the suspended particles of sand 
or mud which are removed from the shore or the low 
islands by strong winds or high waves; are carried in 
by drainage water from the ground and also from ‘ 
right bank; or are brought down by the melting snows 
in the spring.” 

The work of Aitken and Spring would seem to have 
settled the whole question were it not that Lord 
Rayleigh” has recently brought the matter up agai! 
“A recent voyage around Africa recalled my attentio: 
to interesting problems connected with the color 
the sea. They are not always easy of solution | 
consequence of the circumstance that there are sever: 
possible sources of color whose action would be muc! 
in the same direction. We must bear in mind that the 
absorption, or proper, color of water cannot manifest 
itself unless the light traverse a sufficient thickness 
before reaching the eye. In the ocean the depth is o! 
course adequate to develop the color, but if the water 
is clear there is often nothing to send the light back 


to the observer. Under these circumstances the proper 


*Vierteljahresschrift prakt. Pharmacie, 1861, 10: 346. 

“Ber. deutsch. chem. Ges. 1871, 4: 750. 

*Zoologische Jahrbiicher, Abth. fiir Systematik, Geog 
raphie, und Biologie der Thiere, 1902, 15: 7. 

Nature, 1910, 83: 48; Scientific Papers, 1912, 5: 540. 
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col annot be seen. The much admired dark blue 

of deep sea has nothing to do with the color of 


wal but is simply the blue of the sky seen by reflec- 
tion. When the heavens are overcast the water looks 
nd leaden; and even when the clouding is partial, 


ra 
a. a appears gray under the clouds, though else- 
where it may show color. It is remarkable that a fact 
so eosy of observation is unknown to many even of 
thoss who have written from a scientific point of view. 
One reumstance which may raise doubts is that the 
bluc the deep sea often looks purer and fuller than 


that of the sky. I think the explanation is that we 
are t to make comparison with that part of the sky 
which lies near the horizon, whereas the best blue 
comes from near its zenith. In fact, when the water 
is smooth and the angle of observation such as to re- 
flect the low sky, the apparent blue of the water is 
much deteriorated. Under these circumstances a rip- 
pling due to wind greatly enhances the color by re- 
flecung light higher up. Seen from the deck of a 
steamer, those parts of the waves which slope towards 
the observer show the best color for a like reason. 

“The real color of ocean water may often be seen 
when there are breakers. Light, perhaps directly from 
the sun, may then traverse the crest of the waves and 
afterwards reach the observer. In my experience such 
light shows decidedly green. Again, over the screw of 
the ship a good deal of air is entangled and carried 
down, thus providing the necessary reflection from un- 
der the surface. Here also the color is green. 

“The only places where I have seen the sea look 
blue in a manner not explicable by reflection of the sky 
were Aden and Suez. Although the sky was not abso- 
lutely overcast, it seemed that part at any rate of the 
copious, if not very deep, blue was to be attributed to 
the water. This requires not only that the proper color 
of the water should here be blue, but also the presence 
of suspended matter capable of returning the light, un- 
less indeed the sea bottom itself could serve the pur- 
pose. 

“The famous grotto at Capri gives an unusually 
good opportunity of seeing the true color of the water. 
Doubtless a great part of the effect is due to the eye 
being shielded from external glare and so better capa- 
ble of appreciating the comparatively feeble light which 
has traversed considerable thicknesses of water. The 
question was successfully discussed many years ago 
by Melloni, who remarks that the beauty of the color 
varies a good deal with the weather. The light which 
can penetrate comes from the sky and not directly from 
the sun. When the day is clear, the blueness of the 
sky co-operates with the blueness of the water. 

“That light reflected from the surface of a liquid 
does not exhibit the absorption color is exemplified by 
brown peaty water such as is often met with in Scot- 
land. The sky seen by reflection is as blue as if the 
water were pure. But an attempt to illustrate this 
fact by experiment upon quite a small scale was not 
at first successful. A large white photographic dish 
containing dark brown oxidized ‘pyro’ was exposed 
upon the lawn during a fine day. Although the re- 
flected light certainly came from the clear sky, the color 
did not appear pronounced, partly in consequence of 
the glare of the sunshine from the edges of the dish, 
The substitution of a dish of glass effected an im- 
provement. But it was when the eye was protected 
from extraneous light by the hands, or more perfectly 
by the interposition of a pasteboard tube held close 
up, that the blue of the reflected light manifested its 
proper purity. It would seem that the explanation is 
te be sought in diffusion of light within the lens of the 
eye in consequence of which, especially in elderly 
persons, the whole field is liable to be suffused with any 
strong light finding access. 

“As regards the proper color of pure water, an early 
opinion is that of Davy, who, in his Salnonia, pro- 
nounces in favor of blue, basing his conclusion upon ob- 
servations of snow and glacier streams. The latter, in- 
deed, are often turbid, but deposit the ground-up rock 
Which they contain when opportunity offers, as in the 
Lake of Geneva. A like conclusion was later put 
forward by Bunsen on the basis of laboratory observa- 
tions. The most elaborate experiments are those of 
Spring, who, in a series of papers published during 
many years, discusses the difficult question involved. 
He tried columns of great length—up to 26 meters; but 
even when the distance traversed was only 4 or 5 me- 
ters, he finds the color a fine blue only to be com- 
pared with the purest sky-blue as seen from a great 
elevation. But when the tubes contain ordinary 
waier, even ordinary distilled water, the color is 
green, or yellow-green, and not blue. 

“The conversion of the original blue into green is, 
of course, explicable if there be the slightest contam- 
ination with coloring matter of a yellow character— 
i. «., strongly absorbent of blue light. Spring shows 


that this is the effect ef minute traces—down to one 
ten-millionth part—of iron in the ferric state, or of 
humus. The greenness of many natural waters is thus 
easily understood. Another question examined by 
Spring is not without bearing upon our present subject 
—viz., the presence of suspended matter. I am the 
better able to appreciate the work of Spring, that many 
years ago I tried a variety of methods, including dis- 
tillation in vacuo, in order to obtain water in the con- 
dition which Tyndall described as ‘optically empty,’ but 
I met with no success. Spring has shown that the 
desired result may be obtained by the formation within 
the body of the liquid of a gelatinous precipitate of 
alumina or oxide of iron, by which the fine particles of 
suspended matter are ultimately carried down. 

“Perhaps the most telling observations upon the 
color of water are those of Count Aufsess, who meas- 
ured the actual transmission of light belonging to va- 
rious parts of the spectrum. ‘The principal absorption 
is in the red and yellow. In the case of the purest 
water there was practically no absorption above the 
line F, and a high degree of transparency in these re- 
gions was attained even by some natural waters. 
That these waters should show blue, when in sufficient 
thickness, is a necessary consequence, 

“In my own experiments, made before I was ac- 
quainted with the work of Aufsess, the light traversed 
two glass tubes of an aggregate length of about 4 
meters (12 feet). On occasion the light was reflected 
back so as to traverse this length twice over. I must 
confess that I have never seen a blue answering to 
Spring’s description, when the original light was white. 
For final test I was careful to employ the light of a 
completely overcast day, which was reflected into the 
tubes by a small mirror. The color, after transmis- 
sion, showed itself very sensitive to the character of 
the original source. The palest clear sky of an Eng- 
lish winter’s day gave a greatly enhanced blue, while, 
on the other hand, isolated clouds are usually yellow- 
ish, and influence the result in the opposite direction. 
I should myself describe the best color of the trans- 
mitted light on standard days as a greenish blue, but 
there is some variation in the use of words, and, per- 
haps, in vision. Some of my friends, but not the ma- 
jority, spoke of blue simply, but all were agreed that 
the blueness of a good sky was not approached. The 
waters tried have been very various. Sea-water from 
outside the grotto of Capri, from Suez and from near 
the Seven Stones Lightship off the Cornish coast, I 
owe to the kindness of friends. Of these the two for- 
mer showed a greenish blue, the latter a full, or per- 
haps rather yellowish green, and these colors were 
not appreciably modified after the water had stood 
in the tubes for weeks. It is important to remember 
that the hue may to some extent depend upon the 
thickness. It is quite probable that in a greatly in- 
creased thickness the Capri and Suez waters would 
assume a more decided blue color. But I do not think 
the Seven Stones water could so behave, the color, 
with 12 feet, seeming to involve the absorption of blue 
light. Further observations on greater depths of sea- 
water would be desirable. A naval son informs me 
that off the coast of Greece a plate lying in 6 fathoms 
of water looked decidedly blue, although the sky was 
a dirty gray. I have doubts whether this would be 
generally the case in the Mediterranean; the green due 
to moderate thicknesses seems too decided. 

“Of natural fresh waters that I have tried, none 
were better than that from a spring in my own garden. 
This water is hard, but bright and clear, and it shows 
a greenish blue, barely distinguishable from that of 
the Capri and Suez water. Distillation does not im- 
prove the blue. Neither did other treatments de any 
good, such, for example, as partial precipitation of 
the lime with alkali, or passage of ozone with the idea 
of oxidizing humus. Wishing to try water of high 
chemical purity, I obtained—through the kind offices 
of Sir J. Dewar—water twice distilled from alkaline 
permanganate, and condensed in contact with silver, 
but the color was no bluer, In the light of. this evi- 
dence I can hardly avoid the conclusion that the blue- 
ness of water in length of 4 meters has been exagger- 
ated, especially by Spring, although I have no reason 
te doubt that a fully developed blue may be obtained 
at much greater thickness. I should suppose that suffi- 
cient care has not been taken to start with white light. 
It may be recalled that overcast days are not so com- 
mon in some parts of the world as in England. 

“A third possible cause of apparent blueness of the 
sea must also be mentioned. If a liquid is not abso- 
lutely clear, but contains in suspension very minute 
particles, it will disperse light of a blue character. 
Although, undoubtedly, this cause must operate to some 
extent, I have seen no reason to think that it is im- 
portant. But the existence of three possible causes of 


blueness complicates the interpretation of the phe- 
nomena. Hitherto, observers have not been sufficiently 
upon their guard to distinguish blueness having its ori- 
gin in the sky from blueness fairly attributable to 
the water itself.” 

CONCLUSION. 


The question at issue seems to be whether Lord 
Rayleigh’s negative results are to outweigh Spring’s 
positive results. On general principles, there are so 
many ways of failing in an experiment that a positive 
result usually outweighs any number of negative ones. 
On the other hand, Lord Rayleigh is such a careful 
worker that his conclusions are not to be rejected 
hastily. The fact that he does not give details to the 
same extent that Spring does cannot be charged against 
him because he was delivering an address before the 
Royal Institution while Spring was writing a series 
of scientific papers. The whole question must there- 
fore be considered as open for the present though one 
may at least hope that Spring will prove to be right. 

Beebe” seems to feel that the color of water is en- 
tirely an optical illusion. “One finds numerous exam- 
ples of these sensory deceits at sea. The wind flutters 
the fins of the flying fish and we think they actually 
fly. The tropic sea, under the palest of green skies, is 
saturated ultramarine, save where the propellers 
churn it to pea-green, yet in our bath the water is 
clear and colorless. ... The great unlovely bow rose 
and reached forward and settled, until, as I lay face- 
downward our speed seemed increased many-fold. And 
I wondered if the wooden expression which always 
marked the figure-head ladies and gods had not its 
origin in the hypnotic joy of forever watching the 
molten cobalt crash into alabaster, this into emerald, 
then to merge again into the blue, which is a hue born 
of depth and space and not of pigment.” 


Sir William Crookes, C.M., F.R.S., 1832-1919 

WE record with deep regret the loss of one of our 
most famous men of science, and a former president 
of the Society of Chemical Industry, in the passing 
of Sir William Crookes on April 4. Born on June 17, 
1832, he had reached his eighty-seventh year and dur- 
ing that long life had enriched science by many im- 
portant discoveries, largely in consequence of his sin- 
gularly acute powers of observation, his marvellous 
experimental skill and his philosophical insight. His 
fine researches in chemistry and physics led Sir Wil- 
liam into various fields of inquiry but chiefly those 
lying within the borderland of those two branches of 
science, while his alert mind was always open to the 
consideration of practical and economic problems. The 
short sketch which follows of so long and full a life is 
necessarily inadequate to do more than indicate a few 
of thé achievements of so successful a scientific career. 

Without entering into details of his early life we 
may say that Crookes passed from school about his 
seventeenth year, and without any further academic 
training, to his scientific studies at the Royal College 
of Chemistry, under Prof. A. W. Hofmann, and there 
laid the foundation for his scientific lifework with that 
inspiring teacher. During the early “fifties” Crookes 
was an assistant to Hofmann, and later we find him 
lecturing on chemistry at the Training College in Ches- 
ter. After this short teaching experience, he returned 
to London and founded the Chemical News which he 
edited nearly to the end of his life. Crookes reported 
for this periodical Faraday’s charming Christmas lec- 
tures at the Royal Institution on “The Chemical His- 
tory of a Candle,” and thus came under the influence 
of that great master of experimental science, for whose 
methods he often expressed to the writer his profound 
admiration. 

A little before that period the scientific world had 
been roused to enthusiasm by the researches of Bunsen 
and Kirchoff on spectrum analysis, and the discovery 
of two new elements, cesium and rubidium, by the aid 
of that new and powerful means of research. Crookes 
early became an ardent student of the method and soon 
proved its value by the use of it in the discovery of 
another new element—thallium. The discovery of this 
element, while a triumph for the young chemist, also 
led him by a curious sequence of events to researches 
in a new and unexpected direction, as will presently 
appear. 

Berzelius discovered selenium in 1817, and proved 
the existence of selenocyanides. Crookes saw that the 
selenocyanides required further examination, and, hav- 
ing a considerable quantity at hand of the crude selenif, 
erous deposit from the sulphuric acid chambers of the 
Tilkerode works in the Hartz district, he set about 
the preparation of pure selenium from this material 


»“Sea-Wrack.” Atlantic Monthly, 1918, 481. 
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with which he produced a number of selenocyanides 


and investigated them in detail. During the purifica- 


tion of the selenium several by-products were obtained, 
when examined by the new spec- 
beautiful line 
characteristic of thallium, 


line suggested 


and certain of them 


troscopic method gave the bright green 


ifterwards proved to be 


ind so named because the color of the 
that of the young green shoots or twigs of early spring. 
rhis metal of (11.9) 


has a high atomic 204, which Crookes deter 


somewhat lead-like high density 
weight of 
‘curacy, making his weighings on a 


which air 


mined with great ac 


balance which was enclosed in a case from 
order to dl- 
displacements. When 
full daylight, 


action of the balance became evi- 


could be exhausted to a great extent in 


minish errors from unequal air 


welghings were made in vacuo and in 


irregularities in the 


dent to the keen observer, for which he could not ae 


count These observations were followed up when the 


hullium work had been completed, and it was found 


that light objects which were free to move in high 


vacua could be made to do so by mere exposure to light 


is in the now familiar “Crookes radiometer,” the vanes 


in which are set in rapid motion when a beam of sun 


light is allowed to fall on the apparatus. This study of 
radiation” 
skill 


directions, and 


such “repulsion resulting from was pursued 


by Crookes with extraordinary and ingenuity In 


devising experiments in various thus 


he opened up a new and wonderful field for research 


in molecular phy sics 


Crookes had a strong vein of mysticism in his char 


acter and a leaning towards the occult, as we know 


from his own writings, and he was at first rather dis 


posed to regard the phenomena he was investigating 


aus being due to a new and mysterious force: but this 


quickly gave way to the idea that the radiometer Is a 


licht mill” in which there is a direct conversion of 


light into motion, This was in turn dissipated when G, 


Johnstone Stoney pointed out that the motion of the 


vanes in the radiometer was probably due to their 


bombardment by the residual molecules of the highly 


bulb being projected from the rela- 
Crookes 


rarefied air in the 


tively warm sides against the movable vanes. 


order to test 


satisfied 


devised many beautiful experiments in 


this theory of molecular bombardment and 


validity He was led on to 
with 


himself as to its essential 


the study of kathode rays and the bombardment 


matter which became 


The character of 


them of various forms of solid 


phosphorescent under their impact 


the light emitted under these conditions, when exam 


ined spectroscopically, showed bright lines which 


Crookes regarded as characteristic of the material. He 


considered the exciting agent to be “radiant matter” 


in these cases, and the method as “radiant matter spec 


troscopy” on which investigations he expended much 


time and labor 


It so had undertaken the 


gadolinite and Samar 


happened that Crookes 


separation of the rare earths of 


used his new method, which he regarded as 


skite and 
affording characteristic tests for the recognition of and 


as aiding in the separation of certain of those rare 


earths rhere are doubts as to the value of this mode 


of identifying the substances, and also as to the exist- 


“radiant matter,” but the phenomena observed 


materially assisted in the separations carried out by 


Crookes, and the extraordinary phenomena provided 


disarmed criti 


Needless to say 


and its “emanation” have 


“radiant 


by radium 


cism of the term matter.” 
Crookes 


radio-activity, 


was deeply interested in the modern work on 


and contributed many observations of 


interest, in addition to the production of the “spin- 
thariscopé” in which a screen of natural zine sulphide 
the alpha particles projected 


radium 


is made to scintillate by 
from radium, He further studied the action of 
emanation on glasses, various gems and diamonds, and 
was originally 


after 


exhibited a fine diamond which 
had 
retention for some time in contact 

While Crookes 
of thallium 


searches in the chemico-physical directions above out 


often 


colorless but taken on a greenish-blue tint 
with radium salts.’ 
the discovery 


brilliant re- 


fame rests chiefly on 


and his long-continued and 


lined, he took much interest at various times through- 
out his life in other subjects, including his well-known 
which we but mention here—and 
‘The 
was the chief 


British 


spiritualistic studies 


his speculations on Genesis of the Elements.” 
The 


Chemical 


latter topic of his address to the 
Association in the au 
The writer 


the early that 


Section of the 


tumn of 1886 at Birmingham. present 


well remembers a day in summer of 
the University was hon 


of Section B, 


vear when his laboratory in 


ored by a visit from the president 


noticed a diagram which was used as a 
Periodic Law. 


whose keen eye 
pictorial illustration for lectures on the 


He immediately “It is the very 


the idea, saying 
it In modified 


enugnt 


thing I wanted,” and used form, and 


with generous acknowledgment, in his presidential ad- 


dress. He further expanded his speculations as to the 


lof, ScrentTiFic AMERICAN SuPPLEMENT Nos. 2270 and 2271 


origin of the elements from what he termed “protyle,” 
when president of the Chemical Society some two years 
later. Again, Crookes took an active part in the exam- 
ination of the double spectra of argon shortly after the 
of the first of the inert elements by Lord 
with 1894, and 


discovery 


Rayleigh in collaboration Ramsay in 
later on of helium, 
Many other illustrations of Sir 


William Crookes’ varied activities in pure and applied 


might be given 


science, but probably the most remarkable was his 


unexpected crcursus into economics in his address on 
the “Wheat British 


Association at address he 


Problem” 
Bristol in 
said later, with dry humor, that 


when president of the 
1898. Of this 
“he had afterwards to 
write a book in order to explain it.” 

In addition we can but mention such subjects as 
water purification and examination, sewage treatment, 
electric tanning, dyeing, disinfection in cattle plague, 
latest of all, the eye-preserving 
that 


technical works of 


and, production of 


glasses for spectacles, and further to point out 


he translated a number of foreign 
varied value, and compiled his well-known and useful 
Methods of Chemical 


1IS61, 


“Select Analysis.” 


thallium, Crookes 
Elected a Fellow 
presented to that body 


From when he discovered 


was the recipient of many honors, 


of the Royal Society in 1863, he 


most of his scientific memoirs: he was three times 


and was the recipient 
Medals; he 
1913. In 


Society of 


selected as Bakerian Lecturer 


and became 
1908 and President in 
awarded the Medal of the 


Honorary 


of the Copley, Royal Davy 


Foreign Secretary in 
1912 he 


Chemical 


was 


Industry. science degrees from 


Cambridge, Oxford, and several other universities were 
while he became president of sev- 


conferred on him; 


academies and 
their 
1S97 and 


eral home societies and many foreign 


societies gladly enrolled his name among spe 
honored members . He was knighted in 
received the Order of Merit in 1910. 

Sir William Crookes married Miss Ellen Humphrey 
commemorated their 


Crookes predeceased Sir William 


cially 


and they golden wed- 


106 


in IS56, 
ding in Lady 
in 1916.—J. 


Indus. (London). 


EMERSON ReyNoups, in Jour. Soc. Chem. 


The Trim of Ships—Effect of Speed 


(Concluded from p. 59) 
resistance of 
factor 


to form a large percentage of the total 


the ship, and is becoming the predominating 


in the resistance. In the destroyer in question, the 


first hollow of the bow wave is approximately amid- 


ships for this speed, the second crest being at the 


As the 


moves aft 


speed increases the hollow in the 


stern, 
into it, causing 


further in- 


wave and the stern drops 


the change of trim, and as the speed is 


creased the vessel is practically running on the back 


of her own bow wave. 


SHALLOW WATER EFFECTS. 


Shallow water also produces changes of trim, but 


different in degree from those of deep water. In 


DOT experiments were carried out by 
Naval 
order to 
The 


where 


some important 
Watts, the 
torpedo-boat 


Sir Vhilip late Director of Con- 
struction, on a destroyer, in 
compare the effects in deep and shallow water. 
was run at Skelmorlie, on the Clyde, 


vessel 
the water is deep enough not to produce any shallow 
effects, also on the Maplins, where the 


7% fathoms, as compared with 


water and 


average depth is only 
In the deep water it was 
continu- 


first 


4) fathoms at Skelmorlie. 
that the 


the speed. In the 


increased 
water it 
at about 22 


stern 
shallow 


found trim by the 


ously with 
maximum 


28 knots 


rapidly, attaining a 

knots, then fell off until 
reached. After this it increased 
about the same rate as in deep water, until 30 knots, 
Finally, the max- 
approximately 


increased 


and speed was 


again, roughly at 


was 18 inches less in amount. 


but it 


imum reached in shallow water was 
the same as that attained at full speed in deep water. 
stated that in shallow water 


occurs at a lower speed than 


It may be generally 
change of trim 
and. the shallower the water the less 
the speed at which takes place. On the other 
hand, it will not usually happen that vessels will run 
at very high speeds in sallow water, so that for all 


sudden 
in deep water, 
this 


probable speeds the change of trim will be greater in 
shallow water than in This consideration has 
practical bearing for boats running in water where 
will 


deep. 
it 
the depth is limited, since the draft at the stern 


that vessel is at 


be greater than measured when the 
rest. 

RESTRICTED CHANNELS. 
fact that few vessels attain really 
shallow water, 


stern even in 


In spite of the 
there is some iIn- 
large vessels 
moving shallow water. This 
subjeit has been investigated by Mr. H. N. Babcock, 
with special reference to the New York Harbor chan- 


speeds in 
draft at the 
slowly in 


high 
crease of 


moderately 


— 


nel. From time to time there had been reports that 
large vessels had touched bottom in places where the 
depth of water was greater than the still-water drafts 
of the Mr. Babcock’s observations were 
made on liners of about 500 ft. to 600 ft. in | ngth. 
Two sets of observations were carried out—one where 
the depth of water was about 90 feet and the other 
was about 33 feet. Naturally, some diffi. 
experienced in taking accurate messure. 
his conclusions were that when the stif}. 
water clearance than about 10 
per cent. of the draft, the increase in draft in 
would be about one-fifth the speed of the ship i: 


steamers. 


where it 
culty was 
ments, but 
under the keel is less 
feet 
miles 
per hour; and for a clearance of about 30 per cent, 
of the draft, the increase in feet would be about one. 
tenth of the per hour, 
Thus a large liner, say, of the size of the Mauretania 
or Olympic, drawing about 33 feet of water, would 
practically touch the bottom at 36 feet if were 
run at a speed of about 15 knots. 

There are other matters to which attention must be 
paid in of this 
change of trim at high speeds, and it is a distinct ad- 


speed of the ship in miles 


she 


fast-moving boats on account large 
vantage in that it slightly increases the immersion of 


the propellers——London Times Engineering Supple- 


ment. 
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